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PREFACE. 



The Treatise on Algebra, by Bourdon, is a work- of sin- 
gular excellence and merit. In France, it is one of the 
leading text books, and shortly after its publication, had 
passed through several editions. It has been translated, in 
part, by Professor De Morgan, of the London University, 
and it is now used in the University of Cambridge. 

A translation was made by Lieutenant Ross, and published* 
in 1831, since which time it has been adopted as a text book 
in the Military Academy, the University of the City of New- 
York, Union College, Princeton College, Geneva College, 
and in Kenyon College, Ohio. 

The original work is a full and complete treatise on the 
subject of Algebra, and contains six hundred and seventy 
pages octavo. The time which is given to the study of 
Algebra, even in those seminaries where the course of 
mathematics is the fullest, is too short to accomplish so 
voluminous a work, and hence it has been found necessary 
either to modify it, or abandon it altogether. 
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lY PREFACE, 

The work which is here presented to the public, is an 
abridgment of Bourdon, from the translation of Lt. Ross ; 
with such modifications, as experience in teaching it, and a 
very careful comparison with other standard works, have 
suggested. 

It has been the intention to unite in this work, the scien- 
tific discussions of the French, with the practical methods 
of the EngUsh school ; that theory and practice, science and 
art, may mutually aid and illustrate each other. Many of 
the e^tamples hare been selected from the Algebra of 
Bonnycastle. 

It has been thought best, in the present edition, to transfer 
the general discussion of the Common Divisor to Chapter 
VII, and to arrange the subject of Proportions and Progres- 
sions directly after Equations of the second degree. It is 
hoped that these alterations may be regarded as improve- 
ments. 

Hartfoid, September 1, 1888. 
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ALGEBRA. 

CHAPTER I. 
Preliminary Definitions and Remarks. 

1. Quantity is a general tenn embracing every thing which 
admits of increase or diminuticHi. 

2. Mathematics is the science of quantity. 

3. Algbbra is that branch of mathematics in which the quanti. 
ties considered are represented by letters, and ^e operations to be 
performed upon them are indicated by signs. 

4. The sign +, is called plus ; and indicates the addition of two 
or more' quantities. Thus, 9+5 is read, 9 plus 5, or 9 augmented 
by 5. 

In like manner, a+b\a read, a plus h ; and denotes that the quan- 
tity represented by a is to be added to the quantity represented 
by 6. 

5. The sign — , is called minus ; and indipates that one quantity 
is to be subtracted from another. Thus, 9— 5 is read, 9 minus 5^ 
or 9 diminished by 5. 

In like manner, a— &, is read, a minus 6, or a diminished by h. 

6. The sign X* is called the sign of multiplication; and when 
placed between two quantities, it denotes that they are to be multu 
plied together. The multiplication of two quantities is also fre- 
quently indicated by simply placing a point between them. Thus, 
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12 ALGEBRA. 

36x25, or 36.25, is read, 86 multiplied by 25, or the product of 
36 by 25. 

7. The multiplication of quantities, which are represented by let- 
ters, is indicated by simply writjng them one after the other, without 
interposing any sign. 

Thus,a& signifies the same thing as axh or as a.h; and dbc 
the same as aX^X^f ^^ ^ a,h.c. It is plain that the notation 
aby or ahct which is more simple than ax^s or aXlfXCf cannot be 
employed *when the quantities are represented by figures. For 
example, if it were required to express the product of 6 by 6, and 
we were to write 5 6, the notation would confound the product with 
the number 56. 

8. In the product of several letters, as abe^ the single letters, d, h 
and c, are called /actor* of the product. Thus, in the product a6, 
there are two factors, a and h; in the product aed^ there are three, 
a, c and d 

9. There are throe^ signs used to denote division. Thus, 

a-i-h denotes that a is to be divided by hf 

-7- denotes that a is to be divided by 6, 



a\h denotes that a is to be divided by &. 

10. The sign =, is called the sign of equality, and is read, u 
equtd to. When placed between two quantities, it denotes that they 
are equal to each other. Thus, 9—5=4 : that is, 9 minus 5 is 
equal to 4 : Also, a+h=Cy denotes that the sum of the quantities 
a and b is equal to ^. ^ 

11. The sign >, is called the sign of inequality, and is used to 
express that one quantity is greater or less than another. 

Thus, a>& is read, a greater than b ; and a<& is read, a less 
than b ; that is, the opening of the sign is turned towards the greater 
quantity. 

12. If a quantity is added to itself several times, as a+a+a+a 
+af we generally write it but once, and then place a number before 
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DEFINITIONS AND REMAUKS. 13 

it to express how many times it is taken. Thus, 
a+a+a+a+a=5a. 

The number 5 is called the co-eficient of a, and denotes that a is 
taken 5 times. 

Hence, a co-efficient is a number prefixed to a quantity, denoting 
the number of times which the quantity is taken ; and it also indi- 
cates the number of times plus onCf that the quantity is added to 
itself. When no co-efficient is written, the co-efficient 1 is always 
understood. 

13. If a quantity be multiplied continually by itself, as aX^X^ 
XaX<>9 we generally express the product by writing the letter 
once, and placing a number to the right of, and a little above it : thus, 

The number 5 is called the exponent of a, and denotes the number 
of times which a enters into the product as a factor. 

Hence,' the exponent of a quantity shows how many times the 
quantity is a factor ; and it also indicates the number of times, plus 
onef that the quantity is to be multiplied by itself. When no expo- 
nent is written, the exponent 1 is always understood. 

14. The product resulting from the multiplication of a quantity 
by itself any number of times, is called the power of that quantity : 
and the exponent, which always exceeds by one the number of mul- 
tiplications to be made, denotes the degree of the power. Thus, a' 
is the fifth power of a. The exponent 5 denotes the degree of the * 
power ; and the power itself is formed by multiplying a four times 
by itself. 

15. In order to show the importance of the exponent in algebra, 
suppose that we wish to express that a number a is to be multiplied 
three times by itself, that this product is to be multiplied three times 
by &, and that this new product is to be multiplied twice by c, we 
would write simply tf* ^ c*. 

If, then, we wish to expess that this last result is to be added to 
itself six times, or is to be multiplied by 7, we should write, Td'ft^c? 
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14 ALG£BRA. 

This gives an idea of the brevity of algebraic language. 

16. The root of a quantity, is a quantity which being multiplied 
by itself a certain niunber of times will produce the given quantity. 

The sign ^ ^ is called the radical sign, and when prefixed to 
a quantity, indicates that its root is to be extracted. Thus, 

Va or simply ^a denotes the square root of a* 

^a denotes the cube root of a» 

Va,. denotes the fourth root of a. 
The number placed over the radical sign is called the index of the 
root. Thus, 2 is the index of the square root, 3 of the cube root, 
4 of the fourth root, &c* 

17. Every quantity written in algebraic language, that is, with 
the aid of letters and signs, is called an algebraic quantity^ or the 
algebraic expression of a quantity. Thus, 

is the algebraic expression of three times the 



^ number a ; 
C is the algebraic expression of five times the 
i square of a ; 

C is the algebraic expression of seven times the 
i product of the cube of a by the square of b ; 
C is the algebraic expression of the difference be- 
i tween three times a and five times b ; 
r is the algebraic expression of twice the square 
2a"— 30^+43* < of a, diminished by three times the product of a 
( by by augmented by four times the square of b. 

18. When an algebraic quantity is not connected with any other 
by the sign of addition or subtraction, it is called a numomidly or a 
quantity composed of a single term, or simply, a term. 

Thus, 3a, 50*, Ta'i^, are monomials, or single terms. 

19. An algebraic expression composed of two or more parts, 
separated by the sign + or — , is called a polynomial^ or quantity 
involving two or more terms. 
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DEFiNiTioirs ahp remarks. 15 

For example, 3a— 55 and 2c^— 3c3+4^ are polTnomials. 

20. A polynomial composed of two terms, is called a hmomidl ; 
and a polynomial of three terms is called a trinomioL 

21. The numerical vdlue of an dgebraic expression,is the number 
which would be obtained by giving particular values to the letters 
which enter it, and perfbrhiing the arithmetical operations indicated. 
This numerical value evidently depends upon the particular values 
attributed to the letters, and will generally vary with them. 

For example, the numerical value of 2a^=54 when we make 
a=3 ; for, the cube of 3=27, and 2x27=54. 

The numerical vahie of the same expression is 250 when we 
makea=5; for, 5"^= 125, and 2x125=250. 

22. We have said, that the numerical value of an algebraic ex- 
pression generdOy varies with the values of the letters which enter 
it : it does not, however, always do so. Thus, in the expression 
a— 5, so long as a and h increase by the same number, the value 
of the expressicxi will not be changed. 

For example, make a=7 and i^=4 : there results a— 5=3. 
Now make a=7+5=12, and 5=4+5=9, and there results 
a— 5= J2— 9=3, as before. 

23. The numerical value of a polynomial is not affected by 
changing the order of its terms, provided the signs of all the terms 
be preserved. For example, the pol3momial 4a^— 3£j?5+5ac?= 
5ac"--3a»5+4a'=— 3a»5+5ac'+4a'. This is evident, from the 
nature of arithmetical addition and subtraction. 

24. Of the different terms which compose a polynomial, some 
are preceded by the sign +, and the others by the sign — • The 
.first are called addUive termSf the others, suhtractwe terms* 

The first term of a polynomial is commonly not preceded by any 
sign, but then, it is understood to be affected with the sign +• 

25. Each of the literal factors which compose a term is called a 
dimennon of this tenn ; and the degree of a term is the number of 
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16 AI.OEBKA. 

these factors or dimensions. Thus^ 

3a is a term of one dimension, or of the first degree. 

bab is a term of two dimensions, or of the second degree. 

7€^lH^z=7aaabcc is of six dimensions, or of the sixth degree. 
In genera], the degree, or the number of dimensions of a temiy la 
estimated by taking the sum of the exponents of the Utters which enter 
this term^ For example, the term Sa^bcd^ is of the seventh degree,, 
since the sum of the exponents, 2+1+1+3=7. 

26. A pol3niomial is said to he homogeneous, when all its terms 
are of the same degree. The polynomial 

3a— 2^+ c is of the first degree and homogeneous. 
— 4ai+i' is of the second degree and homogeneous. 

6a"c— 4c'+2c?d is of the third degree and homogeneous. 
8a*--4a5+c is not homogeneous. 

27. A vinculum or bar , or a parenthesis ( ), is used to 

express that all the terms of a polynomial are to be considered to« 

gether. Thus, a+b+cx^9 or (a+*Xc)X^ denotes that the 
trinomial a+b+c is to be multiplied by b ; also a+b+cXc+d-\'/ 
or (a+3+c)x(c+<^+/) denotes that the trinomial a+b+c is to 
be multiplied by the trinomial c+d+f. 

When the parenthesis is used, the sign of multiplication is usually 
omitted. Thus {a+b+c)x^ is the same as (a+b+c) b. 
The bar is also sometimes placed vertically. Thus, 

+ax 

+b is the same as (a+5+c) 0? or a+b+cX^ 

+c 

28. The terms of a polynomial which are composed of the same 
letters, the same letters in each being affected ^th like exponents, 
are called similar terms. 

Thus, in the polynomial lah+Zah—A^J^+MJ^, the terms 7a5 
and 3a&, are similar ; and so also are the terms— 4^^^ and 5a'^, 
the letters and exponents in each being the same. But in the bino- 
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DEFINITIONS AND REMARKS, 17 

mial Mb+1aPy the terras are not similar ; for, although they are 
composed of the same letters, yet the same letters are not affected 
with like exponents. 

29. When a polynomial contains several similar terms it may 
often be reduced to a simpler form. 

Take the polynomial 4fl?3— 3a'c+7a'c— So'J. 
It may be written (Art. 23), 4a»i— 2af5+7rf'c— 8a»c. 
But 4fl?5--2a'5 reduces to 2a?5, and 7fl?c— 3a?c to Ac^c. 
Hence, 4^5— 3a"c+7a?c— 2d?i=2a"iJ+4a?c. 
When we have a polynomial with similar terms, of the form 
+2a»W-4a3^c»+6a'*c«-8a'W+llflr»ic', 
Find the sum of the additive and subtractive terms separately, and 
take their difierence : thus. 

Additive terms. Subtractive terms. 

+ 2a»W - 4^h(? 

+110^^ Sum — 12?S? 



Sum +19a^b<^ 

Hence, the given polynomial reduces to 

IQa^ic"- 12d'bc'='7(^bd'. 

It may happen that the sum of ihe subtractive terms exceeds the 
sum of the additive terms. In that case, subtract the positive co- 
efficient from the negative, and prefix the minus sign to the 
remainder. 

Thus, in the polynomial, 3<i%4-2a'3—5a'5— 3a'3, in which the 
sum of the additive terms is 5a% and the sum of the subtractive 
terms — 8a?A, we say that the pol3momial reduces to —Sa'i. 

For, since — 8a'3 is equal to — 5^5--3a'*i, we shall have, 
5a«5— 8a'3=5a"J-5a»5-3a»5= -3a'*. 

Hence, for the reduction of the similar terms of a polynomial we 
have the following 
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RUIiE. 

I. F&rm a single additive term ofaH the terms preceded hy the sign 
plus : this is done by adding together the co-efficients of those tcrms^ 
and anneaAng to their swn the Hieralpart. 

II. Fomij in the same manner^ a single suhtractive term. 

III. Sfdaract the less sum from the greaierf and prefix to the 
result the sign of the greater. 

Remark. — ^It should be observed that the reduction affects only 
the co-efficients, and not the exponents. 

EXAMPLES. 

1. Reduce the polynomial Ad^b^&M^dc^b+llc^h to its sim- 
plest form. Ans* •-»2a?^. 

2. Reduce the polynomial 7aic"— o^c*— 7a3c?— Softc^+eaJc* to 
its simplest fbnn. Ans» "-Sdbc^. 

3. Reduce the polynomial Oci?— 8ac*+15c5^+8ca+9ac"— 240^* 
to its simplest ibrm. Ans. ac^+8ca. 

The reduction of similar terms is an operation peculiar to algebra. 
Such reductions are constantly made in Algebraic Addifionj SiA* 
traction^ MvMplicadon^ and Dimsion, 

30. It has been remarked in Definition 3, that the quantities con- 
. sidered in algebra are represented by letters, and the operations to 

be performed upon them, are indicated by signs. The letters and 
signs are used to abridge and generalize the reasoning required in the 
resolution of questions, 

31. There are two kinds of questions, viz. theorems and problems. 
If it is required to demonstrate the existence of certain properties 
relating to quantities, the question is called a theorem ; but if it is 
proposed to determine certain quantities from the knowledge of 
others, which have with the first known relations, the question is 
called a problem. 

The given or known quantities are generally represented by the 
first letters of the alphabet, a, bf c, (2, &c. and the unknown or re« 
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quired quantities by tile Icust letters, x^ y^ Zj (Sec. 

32. The following question will lead to show the utility of the alge* 
braic analysis, and to explain the manner in which it abridges and 
generalizes the reasoning re<]^ired ta the resolution of questions. 

The sum eftio& numbers is 67, and thdt iiffermot 19; ulhat att 
ike two numbers f 

l^olution^ 

We will begin by establishing, with the aid of the conventional 
signs, a connexion between the given and unknown numbers of the 
question^ If the teast of the two required numbers was known, we 
would have the greater by adding 19 to it. This being the case, 
denote the least number by x : the greater may then be designated 
by «+19 : hence their sum is x+x+ld^ or 8af+19. 

But from the enunciation, this sum is to be equal to 67v There* 
fore we have the equality or equaiwn 
2a?+19=*67. 

Now, if 2x augmented by 19, gives 67, 2x alone is equal to 67 
minus 19, or 2a;33:67— 19, or performbg the subtraction^ 2xsaz4S% 

Hence x is equal to the half of 48, that is, 
a;=y=«24. 

The least number being 24, the greater is 
a:+19ste 24+19=43. 

And indeedjwe have 43+24=67, and 43—24=19. 

T<jAk of the Algebraic Operations^ 

Let X be the least number. 

je+19 will be the greater. 
Hence^ 2ar+19=67, and 2a?=x67— 19 ; therefore »s=y= 24 and 
consequently £+19=24+19=43, 

And indeed, 43+24sfi67, 43-24=19. 

Another SohUum. 
Let X represent the greater number, 
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20 ALOBBHA. 

«— 19 will represent the least. 
Hence,2a:— 19=67, whence 2a;=67+19 ; 
Uierefore, a?= ^ = 43 

and consequently, a?— 19=43— 19=24. 

From this we see how we might, with the aid of algebraic signs, 
write down in a very small space, the whole course of reasoning 
which it would be necessary to follow in the resolution of a prob* 
lem, and which, if written in common language, would oflen require 
several pages. 

Crtneral Solution of this Problem, 

The sum of two numbers is a, their difference is h. What are 
the two numbers 7 

Let X be the least number, 

x+h will represent the greater. 
Hence,2«+&=a, whence 2^7= a— 3, 

^. e, a— J a h 

therefore, «= = 

2 2 2 

and consequently,aj+J= '. — \-h= — h — 

2 2 2 2 

As the form of these two results is independent of any particular 
value attributed to the letters a and by it follows that, knowing the 
sum and difference of two numbers^ we obtain the greater by add* 
ing the half difference to the halfsumy and the less, by subtracting the 
half difference from half the sum. 

Thus, when the given sum is 237, and the difference 99, 

237 99, 237+99 336 ,„^ 
the greater is __+-. or =__=168 ; 

^ ^ , ^ 237 99, 138 ^^ 

and the least or =69, 

2 2 2 

And indeed, 168+69=287, and 168-69=99. 
From the precedmg question we perceive the utility of repre- 
senting the given quantities of a problem by letters. As the 
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DEFUaTICmS AND RBHABXS. ^1 

arithmetical operations can only be indicated upon these letters, 
the result obtained, points out the operations which are to be per- 
formed upon the known quantities, in order to obtain the values of 
those required by the question. 

The expressions 1 — and obtained in this prob- 

2 2 «9 « 

lem, are called fomnulas, because they may be regarded as com. 
prehending the solutions of all questions of the same nature, the 
enunciations of which differ only in the numerical values of the 
given quantities. Hence, a formula is the algehraic enunciaium of 
a general rtde. 

From the preceding explanations, we see that Algebra may be 
regarded as a kind of language, composed of a series of signs, by 
the aid of which we can follow with more facility the train of ideas 
in the course of reasoning, which we are obliged to pursue, either to 
demonstrate the existence of a property, or to obtam the solution of 
a problem. 

ADDITION. 

3d. Addition, in Algebra, consists in finding the simplest equiva- 
lent expression for several algebraic quantities, connected together 
by the sign plus or mmus. Such equivalent expression is called 
their sum. 

34. Let it be required to add together the I .. 

< 00 

expressions. | 



The result of the addition is Sa+5b+2c 



an expression which cannot be reduced to a more simple form. 

2a?y 

Tgfy 

The result, af^er reducing (Art. 29), is . . 13^ 
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AIiOBBIU. 



Let it be required to find the sum 
of the expressions. 



{ 






Their sum, after reducing (Art. 29), is • • M^bab-^'Al^ 



35. As a course of reasoning similar to the above would apply to 
all polynomials, we deduce for the addition of algebraic quantities 
the following general 

RULE. 

I. Write dawn tke quan^Hes to he added so that the similar terms 
shaU fan under each other ^ and give to each term its proper sign^ 

IL Reduce the similar termSf and annex to the restdts, those terms 
which cannot he reduced^ giving to each term its respective sign. 

EXAMPLES. 

1. Add together the polynomials, So?— 23*— 4«3, So'— J?+2a3, 
and 3aJ-3c»-2^. 

The term 3<^ being similar to W, we 
write Bo* for the result of the reduction 
of these two terms, at the same time 
slightly crossing them, as in the first term. 

Passing then to the term — 4a3, which is similar to +2a3 and 
+3a3, the three reduce to +a5, which is placed after Bo", and the 
terms crossed like the first term. Passing then to the terms involving 
i", we find their sum to be— 5i^, after which we write —3c*. 

The marks are drawn across the terms^ that none of them may 
be overlooked and omitted. 



3^-4a3-25^ 
5cr»+2aiJ- J* 



(2). 

7a!+3aJ+ %e 

— 3«— 3a5— 5« 

Sag— 9a5— Qg 

Sum. 9ap— 9a5— 12c 



(3). 

— 4a2ft3— 95c+6a^ 

— ^aW+ hc+ oBe 
ZaV)^^7hc+5ahc. 
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(4). (5). 

a+ ab— cd+ f eab+ cd+d 

3a+5ab—6cd^ f 3ab+ 5cd+f/ 

— 5a— 6a5+6c(f— 7/ — 4a*+ ^cd+x 

— a+ g»4- cd+4f — dfl&— 12cd— y 

— 2g+ o6+0 —3/ — 4- +!>o+d 

6. Add together 3a+5, 3a+3b, --da—Jb, 6a+9b, and 
8a+35+8c. Arts. Ua+9b+8e. 

7. Add together 3ax+3ac+f, —9ax+7a+dj +6aa;+3aJ+3/, 
8aa?+13ac+9/, and — 14/+3<m?. 

Ans. llax+ldac—f+ra+d. 

8. Add together the polynomials, 3a^c+5ab, Ta^c— 3a5+3ac, 
6a2c— 6ai+9oc and —Sa^c+ab^ I2ac. Ans. 7a^c—3ab. 

9. Add the polynomials lOa^a^i— i2€^cb, 5a^cc^b+ Ida^cb^lOax, 
— 2o2iB3&— 13o3cft, and ^I8a^ai^b--l2(^eb+9ax. 

Ans. 4a^a^b'^22€^eb—ax. 

10. Add together 3a+&+c, 5a+25+3<w?, a+c+ac^ and 
— 3a— 9<ic— 8^. -Afw. 6a— 5J+2c— 5ac. 

11. Add together 5a^+6cx+9bc^, 7c«— Sa^^ and — 15«b 
^9bc^+2aH, Ans. — a^ft— 2ca?. 

12. Add together 8aaj+5a5+3a«&V, — ISoar+ea^+lOoft, and 
lOaa?— 15a5— 6a3^c2. Ans. ^3a^lj^c^+6a\ 

13. Add together 3a2+5a2^c«— Qa^*, 7a^—8a^b^e^^l0(^x, 
10a6+16a2*V+19a3a?. Ans. 10aa+13a2ft3c2+10a*. 

14. Add together 7a2*—3a5tf—8^c—9c3+c(P, 8abc-^6a^+3c^ 
— 462c+ctP, and 4a2J— 8c3+952c— 3ei». 

Ans. 6a25+5a5c— 35ac— 14c8+2«P— 3<P. 

16. Add together --I8a^+2ab^+6a^b^-8ab^+7(^b-^5a^b* 
— 5a3&+6aM+lla252. .4»J. — 16a35+12a252. 

16. What is the sum of 3a352c— 16a*ar— 9aa:3rf, +ea^b^c 
— 6aa;3(/+17a*a?, +16aF3rf— a*a?— 8a352c. Ans. a^b^c+ax^d. 

NoTi. — It 18 found- most convenient in algebra to arrange the letters of each 
term in alphabetical order, from the left to the right 
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SUBTRACTION. 



96. Subtraction, in algebra, consists in finding the simplest ex- 
pression for the difference between two algebraic quantities. 

The result obtained by subtracting 4b from 5a is expressed by 
5a-4&. 

In like manner, the difference between 7a% and Ac^b is. ex- 
pressed by 7a3*— 4a36=3a35. 

Let it be required to subtract from - - - 4a 
the binoipial - 2&— 3c 

In the first place, the result may be written thus, 4a ~ (26 —3c) 
by placing the quantityto.be subtracted within the parenthesis, 
and writing it after the other quantity with the sign — . But the 
question frequently requires the difference to be expressed by a 
single polynomial ; and it is in this that ^algebraic subtraction 
principally consists. 

To accomplish this object, we will observe, that if a, 6, c, were 
given numerically, the subtraction indicated by 2b —Se, could be 
performed, and we might then subtract the difference from 4a. 
But as this subtraction cannot be effected in the actual condition of 
the quantities, 2b is first subtracted from 4a, which gives 4a— 26. 
Now in subtracting the number of units contained in 25, the num- 
ber taken away is too great by the number of units contained in 
3c, and the result is therefore too small by 3c ; the remainder 
4a— 26 must therefore be corrected by adding 3c to it. Hence, 
there results from the proposed subtraction 4a— 26+ 3c. 

37. Hence, for the subtraction of algebraic quantities, we have 
the following general 

RULE. 

I. Write the quantity to be subtracted under that from which it is 
to be taken, placing the similar terms^ if there are any, under each 
other. 
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25 



XL Change the signs ofaUthe terms of the polynamUd to be sub- 
tractedf or conceive them to be changed^ and then reduce the polyno* 
mial result to its simplest form. 



From - - 
Take - - 
Remainder 

From - - 
Take . - 


(1). 

3ac+3a5— 7c 
Sac— 8fl6+c2+7c. 

(2). 

16a2^ bbc+7ac 

14a2+ bbc+Sac 

2o2— lOic— ac 

(4). 
5a3~4a2^+ 3h^c 

-2a3+3a2i- ^c 
7(^^7a%+nb^c 




(1). 

6ac-5a54-c* 
~3oc~3a*+7c 
3ac— 8<iJ+c2+7c 

(3). 
19a&c— 16aa:-- 5cM?y 
\7abc+ 7ax—\5axy 


Remainder - 

From - - 
Take . . 


2abC'-23ax+l0axy 

(5). 
4ab^ cd+3<^ 
5ab-4cd+3a^+5lf^ 


Remainder - 


- fl^+3cd+0-5*3. 



6. From 3a2a?—13a&c+7a2, take 9o2a;—13d^c 

Ans, ^%a^x+7a\ 

7. From 51a3&2c-18a5c-14aY take A\a^J^c--27abc'^U<i^y. 

Ans. \OaWc+^abc. 

8. From 27a^c— 9(ii+6c^ take Qa^+Sc— 9ar. 

Ans. ISdic— 9a5+6c2->3c+9flKr. 

9. From 8a&c— 12J3^+5c«— 7ay, take 7cx--xy—\3h^a. 

Ans. ^abc-\-b^a — 2ca; — 6jcy. 

10. 8a2c— 14a5y+7a2J2, take 9a^c^l^dby+lbaW. 

Ans. ^a^c—Sa^l^. 

38. By the rule for subtraction, polynomials may be subjected 
to certain transformations. 

For example . . 6o3— 3a5+2*2-.2Ap, . 

becomes . . . 6a^-^{3ab--r2b^+tbe). 

In like manner . . 7a^^Sa^^4b^e+6b^, 

becomes • . 7(^-'{Sa^+4b^c---6b^); 

or, again, . . 7(^^8aH^{4b^c--6b^). 
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26 ALOBBRA. 

Also, .... 8a2— 6a»62+5a«45, 
becomes . . . 8a^--{6a^b^^5a^i^). 

AI30, .... 9a2c3— 8a*+*2— c, 
may be written . . 9a^(^-^{Sa*'-'b^+c), 
or, it may be writtea . 9a^c^+b^^(Sa!^+c). 

These transformations consist ^n decomposing a polynomial 
into two parts, separated from each other by the sign — . They 
are very useful in algebra. 

39. Rehark. — From what has been shown in addition and sub- 
traction, we deduce the following principles. 

1st. In algebra, the words add and sum do not alwa3rs, as in 
arithmetic, convey the idea of augmentation ; for a — b, which re- 
sults from the addition of —5 to a, is properly speaking, the arith- 
metical difference between the number of units expressed by a, 
and the number of units expressed by b. Consequently, this re* 
suit is numerically less than a. 

To distinguish tliis sum from an arithmetical sum, it is called 
the algebraic sum. 

Thus, the polynomial 2a^^3a^+3l^e is an algebraic sum, 
so long as it is considered as the result of the union of the mo- 
nomials 2€fi,'^3a%+3b^c, with their respective signs ; and, in 
its proper acceptation, it is the arithmetical difference between the 
sum of the units contained in the additive terms, and the sum of 
the unite contained in the subtractive terms. 

It follows from this, that an algebraic sum may, in the numerical 
applications, be reduced to a negative number, or a number affected 
with the sign — *. 

2d. The words subtraction and difference do not always convey 
the idea of diminution, for the diifference between +a and —5 
being a+b, is numerically greater than a. This result is an alge^ 
hrak difference^ and can be put under the form of a— (— *)5=«+6, 
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MULTIPU€ATION. 27 

MULTIPLICATION. 

40. Algebraic multiplicatioa has the same object as arithmeti- 
cal, viz., to repeat the moltiplicaiMi as many times as there are 
miits in the multiplier. 

It is generally proved, in arithmetical treatises, that the product 
of two or more numbers is the same, in whatever order the multi- 
plication is performed ; we«will, therefore, consMer this principle 
demonstrated. 

This being admitted, we will first consider the case in which 
it is required to multiply one monomial by another. 

The expression for the product of . To^^* by 4>a^h 
may at once b^ written thus . . Ic^h^X^a^hzs^Sa^b^. 

But this may be simplified by observing that» from the preced- 
ing principles and the signification of algebraic symbols, it can be 
written . . . 7x^aaaaabbh, 

Now, as the co-efficients are particular numbers, nothing pre- 
vents our forming a single number from them by multiplying them 
together, which gives 28 for the co-efficient of the product. As to 
the letters, the product aaaaa, is equivalent to a^, and the product 
W6, to P ; therefore, the final result is . . . 2ScfiP. 

Again, let us multiply . . . .' I2a^b^ by e<^PcP. 
The product is 12 X 8aaaaabhhhhhecddss96cfib^(^cP. 

41. Hence, for the multiplication of monomials we have the 
following 

RULE. 

I. Multiply the co^efficients together, 

II. Write cfier this product aU the letters which are eonwum to the 
multiplicand and multiplier, affecting each letter with an exponent 
equal to the sum of the two exponents with which this letter is affected 
in the two factors. 

III. If a letter enters into hut one of the factors, write it in the 
product with the exponent with which it is affected in the factor. 



Digitized by 



Google 



t8 ALGEBRA. 

The reason for the rule relative to the co-efficients is evident. 
But in order to understand the rule for the exponents, it should be 
observed that, in general, a quantity a is found as many times a 
factor in the product, as it is in both the multiplicand and multi- 
plier. Now the exponents of the letters denote the number of 
times they enter as factors (Art. 13.) ; hence the sum of the two 
exponents of the same letter denotes the number of times it is a 
factor in the required product. « 

From the above rule, it follows that, 

(1) . . . Sa^he^ X7abd^=z56(^h^c^d^. 

(2) . . . 21a3i2Jcx8a^=168a*^c*rf. 

(3) • . . 4abcX7df =^28abcdf. 

(4) (6) (6) (7) 

Multiply . 3a** . . 120^0? . . 6xyz . . a^xy 

by . . 2ba^ . . I2it^y . . ay^z . . 2xy^ 

ea^P I44a^x^y 6axfz^ 2a^x^f. 

8. Multiply 8a»*2c by 7c^¥cd. Ans, ^^dS^lPc^d. 

9. Multiply bdb^ by \2cd^. Ans, 60abcd^. 

10. Multiply 7a*5(Pc3 by abde, Ans, 7a^b^d^(^. 

42. We will now proceed to the multiplication of polynomials. 
Take the two polynomials a+b+c, and d-\-f, composed entirely 
of additive terms ; the product may be presented under the form 
^a+b+c) X (d+f)' It is now required to take the multiplicand as 
many times as there are units in d and/. 

Multiplicand . . . . . a+b+e 

Multiplier d+f 

taken (2 times, • • • . ad+bd+ed 
taken /times • . +<rf-{-bf+cf 

entire product . . ' ad+bd-\-cd+af+bf+cf. 

Therefore, in order to multiply together two polynomials com 
posed entirely of additive terms, multiply successively each term of 
the multiplicand by each term of the multiplier^ and add together aU 
the products. 
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If the terms are affected with co-efficients and exponents, ob- 
serve the rule given for the multiplication of monomials (Art. 41). 
For example, multiply , . 3a^+4ab+li^ 
by . . . . aa +5b 



The product, after reducing, 
becomes 

(2). 


ea^+ 8aH+2ab^ 

+ l5a^b+20ab^+5P 
. 6o3+23a26+22a62+5R 

(3). 
x^+xy^+7ax 
ax+5ax 
acfi+axY+7a^x^ 

+5ax^ +5aa?2y«+35a2aj2 
6aa^+6flKr2y«+42a2x2. 



4. Multiply a!^+2ax+a^ by x+a, 

Ans. a^+3ax^+3a^x+€fi. 

5. Multiply a^+y^ by x+y. 

Ans. x^+xy^+a^+y^. 

6. Multiply 3fl^+6fta2c2 by 3ab^+3a^c^. 

Ans. 9a2M+27a3&2c3+18a*c*. 

43. In order to explain the most general case, we will suppose 
the multiplicand and multiplier each to contain additive and sub- 
tractive terms. They may then be written under the form a^b 
and c^d; a denoting the sum of the additive terms and b the 
sum of the subtractive terms of the multiplicand, c and d express- 
ing similar values of the multiplier. We will now show how the 
multiplication expressed by (a— ft) X (c— i) can be effected. 

The required product is equal to a— ft a —ft 

taken as many times as there are units e —(2 

in c —J. If then we multiply by c which ac^bc 

gives ac^bCf we have got too much by -^ad+bd 

a— ft taken d times; that is, we have ac^bc -^ad+bd. 

ad^db too much. Changing the signs and subtracting this from 
the first product (Art. 37.), we have 

(a— ft) X (c— i)s=ac— ftc— ad+ftJ : 
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If we suppose a and e each equal \o 0< the product will r«<foce 
to +W. 

44. By considering the product of a^b by c— (f, we may de- 
duce the following rule for the signs, in the multiplication of two 
pol3momials» 

When two terms of the multipticand and multiplier are effected 
with the same sign, the corresponding product is affected with the 
^g^ +> f"^ w'^^ *^y f"''^ affected with contrary signs, the product 
is affected with the sign — . 

Again, we say in algebraic language, that -f- multiplied by +» 
or — multiplied by — , gives + J — multiplied by +, or + mul* 
tiplied by — , gives •*-. But this last enunciation, which does not 
in itself offer any reasonable direction^ should only be considered 
as an abbreviation of the preceding. 

This is not the only case in which algebraists, for the sake of 
brevity, employ incorrect expressions, but which have the advan* 
tage of fixing the rules in the memory. 

Hence, for the multiplication of polynomials we have the fo^ 
lowing 

RUtE. 

Multiply all the terms of the multiplicand hy each term of the muU 
tiplier, obsermng that like signs give plus in the product, and unlike 
signs minus. Then reduce the polynomial result to its simplest form, 

EXAMPLES. 

1. Multiply Aa^^5a^'-'8ab^+2b^ 

by 2a^^3ab ^4b^ 

8ttS— 10a*6— 16a362+4(t263 

— 12a*ft +15a3&2+24a2^3— 6a5* 
'-- iea^b^+20a^^+32ab^ -8&g 

8a«-*22a*^— 17a3^+48a2J3+26ai*— 8^^ 

---■■■■• - — ■ -■ I 

After having arranged the polynomials one under the other, 
multiply each term of the first, by the term 2a^ of the second ; 
this gives the polynomial &a^-^i0<!^b*^l6€^h^+4a^b^, the signs of 



Digitized by 



Google 



which are the same aa tho$# of the multiplicand. Passing then to 
the term —Sab of the multiplier, multiply each term of the multi* 
plicand hy it, and as it is affected with the sign -^, affect each 
prodjfct with a sign contrary to that of the corresponding term in 
the multij;dicand ; this gives ^I2i;^h+l5a^i^+24a^b^'^6ab^ for 
a product, which is written ui^er the first. 

The same operation is also performed with the term 4^, which 
is also subtractive; this gives, — IGa^^^+SOa^i^+dSai^-^S^. 
The product is then reduced, and we finally obtain, for the most 
simple expression of the product, 

8a«— 22a*5— 17a362+48a258^26a**— 8ft«. 

% Multiply 4^^2y by %. Ans. Swhf^^y^. 

3. Multiply 2«?+4y by 2a;'-4y. Ans. 4r*— IBy^. 

4. Multiply a^+aphf+onf^+y^ by ar— y. Ans. ap^-^y** 
6. Multiply aja+ay+ya by a^— «y+y2. Ans. a?*+aj«y3+y*. 

6. Multiply 2a»— 3<m5+4jc2 by 5a?— 6aa;— 2a?«. 

Ans. 10a**-27a3a;+34aV-18fl»3-8«** 

7. Multiply 3a^— 2ay+5 by a?+2a!y— 3. 

Ans. 3flc*-|r 4a:^y — 4«* — 4«2y2+ 1 6jcy — 15. 

8. Multiply 3a^+2(r2y2+3y2 by ^^x^-^-Zofif+bf. 

. C 6a:<^— 5a?«y2— 6ic*y*+6ir3y2+ 
"** < 15a^y3-9a?3y*+10ajV+15y». 

9. Multiply 8(RP— 6a5— c by 2ax+ah+c. 

Ans. 16a2(r2— 4a25a?— 6a252+6oca?— 7a^— A 

10. Multiply 3a2-552+3ca by a^-ft^. 

Ans. 3a*-8a262+3a2c3+55*-3^2c2^ 

11. 3o2-5W+c/ 

— 5flg+4M— Be/. 

Prod. red. >.>- 15g*+37a25d— 29aV.>-»205g<fg+445cJ/.->-8cyg. 

12. 4fl352_5o2i>2c+8a25c2-.3a2c3— 7a^c8 
2g5g -^4fl&c -^25c» +c^. 

' , 8a*5* — 10a36*c+28a3^3c2_34fl3^2c8 

Pr<J^. red. ^ - 4a^Pc^^l6a^Pc+l2a^c^ +7a^^e*' 
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dS ALOIBRI. 

45. We will make some important remarks upon algebraic mul- 
tiplication. 

Ist. If the polynomials proposed to be multiplied by each other 
are homogeneous, the product of the two polynomials unll also he 
homogeneous. Moreover, the degree of each term of the product 
will be equal to the sum of the degrees of any two terms of the 
multiplier and multiplicand. Thus, in example 12, all the terms 
of the multiplicand being of the second degree, as well as those 
of the multiplier, each term of the product will be of the fourth 
degree. This remark serves to discover any errors in the addi- 
tions of the exponents. 

2d. When, in the multiplication of two polynomials, no two of 
the several products are similar, the total number of terms in the 
entire product will be equal to the product of the number of terms 
in the multiplicand, multiplied by the number of terms in the mul- 
tiplier. This is evident from the rule (Art. 44). Thus, when 
there are five terms in the multiplicand, and four in the multiplier, 
there are 5 X 4, or 20, in the product. yVhen some of the terms 
are similar, the total number of terms in the product, when re- 
duced, may be much less. 

3d. Among the different terms of the product, there are always 
some which cannot be reduced with any others. These are, 
1st. The term produced by the multiplication of that term of 
the multiplicand, containing the highest exponent of a certain let- 
ter, by the term of the multiplier, affected with the highest expo- 
nent of the same letter. 2d. The term produced by the multipli- 
cation of the terms affected with the lowest exponents of the same 
letter. For, these two partial products will contain this letter, 
affected with a higher and lower exponent than either of the other 
partial products, and consequently they cannot be similar to any 
of them. This remark, the truth of which' is deduced froka the 
rule of the exponents, will be very useful in division. 
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MULTIPLICATION. 33 

46. We shall * finish the subject of algebraic multiplication by 
making known a few results of frequent use in algebra. 

1st. Let it be required to form the square or second power of 
the binomial, {a+b). We have, from known principles, 

That is, the square of the sum of two quantities is equal to the square 
of the first J plus twice the product of the first by the second, plus the 
square of the second. 

Thus, to form the square of 5a^+Ba^^, we have, from what has 
just been said, 

(5a2+8a2ft)2=25a*+ 80a*5+ 64a*&^ 
2d. To form the square of a difference, a — b^ we have 
(a— i^)2=(a-5) (a-.5)=a2-.2a&+52. 

That is, the square of the difference between two quantities is equal 
to the square of the first, minus twice the product of the first by the 
second, plus the square of the second. 

Thus, (7a2^-12a63)2=49a*^*-168a3J»+ lUaH^. 

3d. Let it be required to multiply a+b by a— ft. 

We have {a+b) X (a— ft)=a2-.J2 . 

Hence, the sum of two quantities multiplied by their difference, ii 
equal to the difference of their squares. 

Thus, (8a3+7aft2) {8a^-^7ab^)^e4a^^49aHK 

47. By considering the three last results, it will be perceived 
that their composition, or the manner in which they are formed 
from the multiplicand and multiplier, is entirely independent of 
any particular values that may be attributed to the letters a and b 
which enter the two factors. 

The manner in which an algebraic product is formed from its 

two factors, is called the law of this product ; and this law re* 

mains always the same, whatever values may be attributed to the 

letters which enter into the two factors. 
3 
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^ ALGEBRA. 

48. Lastly, a po]3momial being giren, it may sometimes be de- 
composed into factors merely by inspection. 

Take, for example, the polynomial ab^c+5a^+ac. 
It is plain that a is a factor of all the terms. Hence, we may 
write ab^c+5ab^+aci=za(b^c+5l^+c). 

Take the polynomial 25a^—30a^+l5a^l>^, it is evident that 6 
and a^ are factors of each of the terms. We may, therefore, put 
the polynomial under the form ba^{5a^^Qab+3h^). 

1. Find the factors of da^b+9a^c+l8a^xy. 

Ans. 3a^{b+3c+6xy). 

2. Find the factors of 8a^cX'^l8a€cc^+2a(^y^30a^c^x. 

Ans, 2ac(4ax — 9x^+c^y^'l5a^<^x). 

3. Find the factors of 24a^b^cx---30a^^c^y+36a^b^cd+6abc. 

Ans. 6oJc{4a5a!— 5a'5*c«y+6oWJ+l). 

4. Find the factors of a^+2ab+b\ Ans. {a+b)X(a+b). 

5. Find the factors of a*— 6*. Ans, (a+ft)x (a— *). 

6. Find the factors of a»— 2a&+*^. Ans. (a— J) X {«—&). 

DIVISION. 

49. Algebraic division has the same object as arithmetical, viz., 
having given a product, and one of its factors, to find the other 
factor. 

We will first consider the case of two monomials. 

The division of 72a* by 8a^ is indicated thus : r-r- ; 

and it is required to find a third monomial, which, multiplied by 
8a^, will produce 72a*. The co-efilcient of a in the qnotient 
must be such a number as being multiplied by 8 shall give 72, the 
co-efiUcient of a in the dividend ; and the exponent of a in the 
quotient added to 3, must give 5, the exponent of a in the divi- 
dend. Hence, we find the ^co-efiicient by dividing 72 by 8, and 
the exponent by subtracting 3 from 5, 
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DIVISION. 85 

which gives — ^=9a'. 

Also, / . . . ?^!f=5a3-ift2-ie=5a«5c; 

for, 7abxt^(i^besz35aWe. 

50. Hence, for the division of monomials, we have the following 

RULE. 

I. Divide the co-efficient of the dividend by the co^effieient of the 
divisor. 

II. Write in the quotient, after the co-efficienty all the letters com" 
mon to the dividend and divisor^ and affect each with an exponent 
equal to the excess of its exponent in the dividend over that in the 
divisor. 

III. Annex to these, those letters of the dividend, with their re* 
spective exponents, which are not found in the divisor. 

From these rules we fmd, 

1. Divide 16aj2 by 8a?. Ans. 2x. 

2. Divide I5a^xy^ by 3ay. Ans. 5axy\ 

3. Divide S4ab^x by I2h^. ^ Ans. 7abx. 

4. Divide 96d^b^c^ by I2a^c. ' Ans. Sa^bc\ 

5. Divide 144a«5VJfi by 36a*5«c«i. Ans. 4a^b^cd^. 
. 6. Divide 256a^c^x^ by ISa^cx^. Ans. Idabcx. 

7. Divide dOOal^b^c^a^ by SOa^b^c^x. Ans. lOabcx. 

51. It follows from the preceding rule that the division of mo- 
nomials will be impossible, 

1st. When the co-efficients are not divisible by each other. 

2d. When the exponent of the same letter is greater in the 
divisor than in the dividend. 

3d. When the divisor contains one or more letters which are 

not found in the dividend. 

When either of these three cases occurs, the quotient remains 
3* 
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under the form of a monomial fraction, that is, a monomial ex- 
pression, necessarily containing the algebraic sign of divisiony 
but which may frequently be reduced. * 

Take, for example, I2a^b^cd to be divided by 8a^b(^. 

Here an entire monomial cannot be obtained for a quotient; 

that is to say, a monomial which does not contain the sign of di- 

vision ; for 12 is not divisible by 8, and moreover, the exponent 

of e is loss in the dividend than in the divisor ; therefore, the quo- 

. . :. . V r l2a^Pcd ... 

tient IS presented under the form ; but this expression 

can be reduced, by observing that the factors 4, a\ h and c are 
common to the two terms of the fraction. We then have, 

for the result. 

2c 

In general, to reduce a monomial fraction it is necessary 

1st. To suppress the greatest factor common to the ttoo co-efi^ 
dents. 

2d. Subtract the less of the two exponents of the same letter, from 
the greater, and write the letter affected with this difference, in that 
term of the fraction corresponding with the greatest exponent, 

3d. Write those letters which are not common, with their respec' 
tive eocponents, in the term of the fraction which contains them. 

From this new rule, we find, 

4Sa^^cd^ _Jad^ Slab^c^d _ 37b^c , 

36a^b^c^de^3bce *^ 6a^c^d^'^ ea^d' 

la% _ 1 
*^^^' 14a362""2a6* 

In the last example, as all the factors of the dividend are found 
in the divisor, the numerator is reduced to unity ; for, in fact, both 
terms of the fraction are divided by the numerator. 

52. It often happens, that the exponents of certain letters, are 
the same in the dividend and divisor. 

For example, divide 240^^2^ by Sa^ft* ; as the letter b is affected 
with the same exponent, it Ihould not be contained in the quo- 
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tient, and wo have -7r-«^=3a'. But it is to be remarked, that 

this resi^, 3a, can be put under a form which will presierye the 
trace of the letter 6, this letter having disappeared in consequence 
of the reduction. 

For, if we apply the rule for the exponents (Art. 50.), to the 

b^ * 52 

expression — , it becomes — =i2~3=s5<> ; this new symbol 6®, in- 
dicates that the letter enters times, as a factor in the quotient 
(Art. 13.) ; or, which is the same thing, that it does not enter it; 
but it indicates, at the same time, that it was in the dividend and 
divisor, and that it has disappeared in consequence of the opera- 
tion. This symbol has the advantage of preserving the trace of 
a quantity which constitutes a part of the question, that it has 
been our object to resolve, without changing the value of the re- 

h^ 
suit ; for since b^ is equivalent to 75-, which is, moreover, equiva- 

lent to 1, it follows that 3a&^=3a X 1 =3a. In like manner, 
15a2J3c2 



3a^bc^ 



^^l^<P:=zbb\ 



53. As it is important to have clear ideas of the origin and sig- 
nification of the symbols employed in algebra, we shall show that 
in general every quantity a affected with the exponent 0, is equiva< 
lent to 1 ; that is, that a^ssl. 

For this expression arises, as has just been said, from the fact 
that a is affected with the same exponent in the divisor and divi- 
dend. 

To make the case general, let m denote the entire number 

a"* 
which is the exponent of a. We shall then have, ~=a®. But 

a" 
the quotient of any quantity divided by itself, is 1 . Hence, -— = 1 ; 

a 

therefore, we also have a®=:L 
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39 ALGEBRA. 

We observe again, that the symbol cfi is only eioployed con* 
yentionally, to preserve in the calculation the trace of a letter 
which entered in the enunciation of a question, but which may 
disappear in consequence of a division ; and it is often necessary 
to preserve this trace. 

Division of Polynomials. 

54. The object of division, is to find a third polynomial called 
the quotient, which, multiplied by the divisor, shall produce the 
dividend. Hence, the dividend is the assemblage, after reduc* 
tion, of the partial products of each term of the divisor by each 
term of the quotient, and consequently the signs of the terms in 
the quotient must be such as to give proper signs to the partial 
products. 

Since, in multiplication, the product of two terms having the 
same sign is affected with the sign +> &nd the product of two 
terms having contrary signs is affected with the sign — , we may 
conclude, 

1st. That when the term of the dividend has the sign +> and 
that of the divisor the sign of +, the term of the quotient must 
have the sign +. 

2d. When the term of the dividend has the sign +* and that of 
the divisor the sign — , the term of the quotient must have the 
sign ^, because it is only the sign — , which, combined with the 
sign — , can produce the sign «+ of the dividend. 

3d. When the term of the dividend has the sign ~, and that of 
the divisor the sign +> the quotient must have the sign — . 

That is, when the two terms of the dividend and divisor have 
the same sign, the quotient will be affected with the sign +, and 
when they are affected with contrary signs, the quotient will be 
affected with the sign — ; again, for the sake of brevity, we say 

that 

+ divided by +, and — divided by — , give + > 
— divided by +, and + divided by — , give — . 
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Dividend. 

a^ — €LX 


Divisor. 

1 a-. 
a— a; 




Quotient, 



DIVISION or POLTNOMIALS. 

1. Divide a'— 2iw;-{.a?'^ by a — at. 

It is found most convenient, 
in division in algebra, to place 
the divisor on the right of the 
dividend and the quotient di- 
rectly under the divisor. 

We first divide the term a^ of the dividend by the terra a of the 
divisor, the partial quotient is a which we place under the divisor. 
We then multiply the divisor by a and subtract the product a^^ax 
from the dividend, and to the remainder bring down a?^. We then 
divide the first term of the remainder, -^ax by a, the quotient is 
— ar. We then multiply the divisor by —re, and, subtracting as 
before, we find nothing remains. Hence, a^x is the exact quo- 
tient. 

In this example we have divided that term of the dividend which 
is affected with the highest exponent of one of the letters, by that 
term of the divisor affected with the highest exponent of the same 
letter. Now, we avoid the trouble of looking out the term, by taking 
care, in the first place, to write the terms of the dividend and divisor 
in such a manner that the exponents of the same letter shall go on 
diminishing from left to right. This is what is called arranging the 
dividend and divisor with reference to a certain letter. By this 
preparation, the first term on the left of the dividend, and the first 
on the left of the divisor, are always the two which must be divided 
by each other in order to obtain a term of the quotient.* 

55. Hence, for the division of polynomials we have the following 

RULE. 

I. Arrange the dividend and divisor with reference to a eertatn 
letter y and then divide the first term on the left of the dividend hy the 
first term on the left of ike divisor, the result is the first term of the 
quotient ; multiply the divisor hy this term, and subtract the product 
from the dividend. 

* See Note, page 350. 

i .'. . .. — '^._ 
^ i .. : ( 
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40 ALGEBRA. 

11. Then divide the first term of ^ remainder by the first term 
of the divisor, which gives the second term of the quotient ; multiply 
the divisor by this second term, and subtract the product from the 
result of the first operation. Continue the same process, and if you 
obtain Ofor a remainder, the division is said to be exact. 

FIRST EXAMPLE. 

Let it be required to divide 5la^^+l0c^'-'48c^b'^l5b^+4ah^ 
by 4ai-«5a2+3R 

Dividend arranged. Divisor. 

10fl*-48fl3^+51a2&2^4o&3-15Mj| ~5ag+4q5+3ftg 
+ 10a^— 8g3&— 6aH^ — 2o2-f-8a6— 56^ 

—40a^+57a^^+ 4ab^-^l5b^ Quotient. 
— 40g3&+ 32a^^+24ab^ 

25a^^-20ab^-l5b^ 
25a^^—20ab^'-l5b^ 

Remark. — ^When the first term of the arranged dividend is not 
exactly divisible by that of the arranged divisor, the complete divi- 
sion is impossible ; that is to say, there is not a polynomial which, 
multiplied by the divisor, will produce the dividend. And in gene- 
ral, we shall find that a division is impossible, when the first term 
of one of the partial dividends is not divisible by the first term of 
the divisor. 

56. Though there is some analogy between arithmetical and 
algebraical division, with respect to the manner in which the ope- 
rations are disposed and performed, yet there is this essential dif- 
ference between them, that in arithmetical division the figures of 
the quotient are obtained by trial, while in algebraical division the 
quotient obtained by dividing the first term of the partial dividend 
by the first term of the divisor is always one of the terms of the 
quotient sought. 

From the third remark of Art. 45, it appears that the term of the 
dividend affected with the highest exponent of the leading letter, 
and the term affected with the lowest exponent of the same letter. 
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may each be derived without reduction, from the multiplication of 
a term of the divisor by a term of the quotient.* Therefore nothing 
prevents our commencing the operation at the right instead of the 
left, since it might be performed upon the terms affected with the 
lowest exponent of the letter, with reference to which the arrange- 
ment has been made. 

Lastly, so independent are the partial operations required by the 
process, that after having subtracted the product of the divisor by 
the first term found in the quotient, we could obtain another term 
of the quotient by dividing by each other the two terms of the new 
dividend and divisor, affected with the highest exponent of a dif- 
ferent letter from the one first considered. If the same letter is 
preserved, it is because there is no reason for changing it, and be- 
cause the two pol3momials are already arranged with reference to 
it ; the first terms on the left of the dividend and divisor being 
sufiicient to obtain a term of the quotient ; whereas, if the letter 
is changed, it would be necessary to seek again for the highest 
exponent of this letter. 

SECOND EXAMPLE. 

Divide . . . 21a:3y2^25a;y+68ary*— 40y«— 56««— 18a?*y by 
5y2— 8a;2— 6a;y. 

— 40y^+68a?y^+25a?V+21a:gy2— 18ar*y— 56a;g|[ 5yg>~6a;y— 8a;g 

^40f+48xy^+ 64a;y -^8f+4xf—3x^i/+7a^ 

1st. rem. 20x^^—39x^1/^ +21 x^y^ 
20a!y^— 24a;V — 32a;3y a 
2d. rem.^ —l^x^f+^Sa^y^-^lSx^y 

— 15ary+18a?^y^+24a:^y 

35a?3y2— 42a?*y— 56a^ 
35a?Y~42a^y~56a^ 
Final remainder 0. 

57. Remark. — In performing the division, it is not necessary to 
bring down all the terms of the dividend to form th^ first remain* 
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der, but they may be brougbt down in suocession, as in th^ 
example. 

As it is important that beginners should render themselyes fami- 
liar with the algebraic operations, and acquire the habit of cal- 
culating promptly, we will treat this last example in a different 
manner, at the same time indicating the simplifications which 
should be introduced. These consist in subtracting each partial 
product from the dividend as soon as this product is formed. 

^40y5+68a:y^+25ary+21a?y— 18a:^y— 56a^ |[ 5y2~6ary— Sar^ 

1st. rem. 20a?y^— 3 9x^+21 J^y^ — 8y3+4a?y2— 3a?2y+7a?3 

2d. rem. ^ l5x^f/^+53!x^f-^l8x^i/ 

3d. rem. -~ 35a?y~-42a;*y— 56a;^ 

Final rcQL 0. 

First, by dividing --40y^ by 5y\ we obtain — 8y^ for the quo- 
tient. Multiplying 5i/^ by — 8y3, we have -— 40y^, or by chang- 
ing the sign, -|-40y^, which destroys the first term of the dividend* 

In like manner, — 6a?y x — 8y3 gives +48ary* and for the sub- 
traction — 48afy*, which reduced with +68a!y*, gives 20a?y* for 
a remainder. Again, —Sx^x — 8y3 gives +, and changing sign, 
— 64x2y3, which reduced with 25x^y^, gives --39a;2y^. Hence 
the result of the first operation is 20a;y*— 39a?y followed by 
those terms of the dividend which have not been reduced with 
the partial products already obtained. For the second part of the 
operation, it is only necessary to bring down the next term of the 
dividend, separating this new dividend from the primitive by a 
line, and operate upon this new dividend in the same manner as 
we operated upon the primitive, and so on. 

THIRD EXAMPLE.. 

Divide 95a— 73^2+ 56a* ~25~59a3 by — 3a2+5— lla-7a» 

56a*-59a3-73a^+95g»25 [ |7a3-3ag— lla+5 
1 St. rem. — 35o3+15a2+55a-25 8a —5 

2d. rem. 0. 
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09NERAI. BXAKFLBS. 

1. Divide 18a^ by 9a?. Ans. 2ar. 

2. Divide 10a?V ^Y — 5a^- Ans. — 2y. 

3. Divide -^^ax^f by ftaf^y^ ^«,. —ay. 

4. Divide — Sa?^ by —2a?. Ans. +4x. 

5. Divide 10a&+15oc by 5a. Ans. 2b+Ze. 

6. Divide 30aa?— 54a? by 6af. iln^. 5a— 9. 

7. Divide lOar^y— 15y*— 5y by 5y. Aiw. 2a?2— Sy—l. 

8. Divide 12a+3aa!— ISoaj^ by 3a. Ans. 4+x— 6ar^. 
9^ Divide eaix^+9a^x+a^a^ by aa;. Ans. 6x+9a+ax. 

10. Divide a2+2aa;+a;2 by a+x. Ans. a+x. 

11. Divide a^— 3a2y+3ay2— y3 by a--y. 

^iw. a*— 2ay+y2. 

12. Divide 24a2ft— 12a3cft2-.6a^ by — 6a5. 

Ans. — 4a+2a2cft+l. 

13. Divide 6a;*— 96 by 3a?-6. Ans. 2a;3+4a?2+8x+16. 

14. Divide .... a»— 5a*aj+10a3a;2-10a2a;3+5aa:4-aH^ 
by a^— 2aa;+a;^. Ans. a^—Sa^x+Saoc'^—a^. 

15. Divide 48a!3— 76aa;2— 64a2a?4-105a3 by 2x— 3a. 

Ans. 24a?2— 2aa?— 35a^ 

16. Divide y«— 3y*a!2+3y2a:*— «« by y^— 3y2x+3ya?2— ar^. 

Ans. y^+3y^x+3yx^+a^. 

17. Divide 64a*ft«-25a«6« by 8a^b^+5ab\ 

Ans. 8a2&3— 5aA*. 

18. Divide 6a^+23a^+22ab^+5b^ by 3a^+4ab+b^. 

Ans. 2a4-5ft. 

19. Divide 6aa;«+(5aaj8y«+42aV by ax+5ax. 

Ans. x^+xt/^+7ax. 

20. Divide . ^^l5a^+37a^d^29a^cf—20b^cP^Ubcdf'^8cf^ 
by 3a3— 5W+cf. Ans. — 5a2+4W— 8c/. 

•21. Divide (P*+i*y*+y* by sfi-^xy+y^. Ans. a^+xy+y\ 

22. Divide a?*— y* by x^y. Ans. sc^+a^y+xy'^+y^. 

23. Divide 3a*-8i^^+3a2ca+6i*-3*2c2 by a^-h^. 

Ans. 3aa-5*2+3c». 
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24. Divide eafi-^Qaj^f-^eot^y^+ex^y^+lba^f-^Ox^y^+lOa^y^ 
+ 15y« by 3x^+2a^f+3y^. Ans. 2aj3— 3ar*y2+5y3. 

59. Among the different examples of algebraic division, there is 
one remarkable for its applications. It is so often met with in the 
resolution of questions, that algebraists have made a kind of theorem 
of it. 

We have seen (Art. 46), that 

hence, r— =a+6. 

a — o 

If we divide a^—b^ by a— 5 we have 
a3-J3 



a-b 



za^+ab+b^ : 



also ^ f =08+0^6+0^+53 

o — 

by performing the division. 

These are results that may be obtained by the ordinary process 
of division. Analogy would lead to the conclusion that whatever 
may be the exponents of the letters o and b, the division could be 
performed exactly ; but analogy does not always lead to certainty. 
To be certain on this point, denote the exponent by m ; and pro- 
ceed to divide o*"-— i*" by o-— 6. 

g"»-.5"» || a-.5 

1 St. rem o"^*6— i*" |o"^^+ 

or b{a'^^-'b^^). 

Dividing o"* by o the quotient is €^\ by the rule for the expo- 
nents. The product of 0—6 by o*"^ being subtracted fro A the 
dividend, the first remainder is a^'^b—hr, which can be put under 
the form i(o"^*— 6"^*). Now, if cT'^-^b'^^ is divisible by o— 5, 
then will cT—b"^ also be divisible by o— ft ; that is, if the differ- 
ence of the similar powers of two quantities of a certain degree^ is 
exactly divisible by the difference of these quantities, the difference 
of the poroers of a degree greater by unity ^ is also divisible by U. 
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But it has alres^ Been snown that a*— 5^ is divisible hj a-^hx 
hence, a*— i* is also divisible by « — ft. Now, if a®— ft^ is divisi* 
ble by a— ft, it must follow that a®— ft^ is also divisible by a— ft. 
In the same way it maybe shown that the division is possible when 
the exponent is 7, 8, 9, <&c. 

Hence, a"— ft"* is divisible by a— ft. 

The beginner should reflect upon the method of demonstrating 
this proposition, as it is frequently employed in algebra. 

60. We have given (Art. 51, and 55,) the principal circum- 
stances by which it may be discovered that the division of mono- 
mial or polynomial quantities is not exact ; that is, the case in 
which there does not exist a third entire algebraic quantity, which, 
multiplied by the second, will produce the first. 

We will add, as to polynomials, that it may often be discovered 
by mere inspection that they cannot be divided by each other. 
When the polynomials contain two or more letters, before arrange 
ing them with reference to a particular letter, observe the two 
terms of the dividend and divisor, which are affected with the high- 
est exponent of each of the letters. If for either of these letters, 
one of the terms with the highest exponent is not divisible by the 
other, we may conclude that the total division is impossible. This 
remark applies to each of the operations required in the process 
■ for finding the quotient. 

Take, for example, 12a3— 5a25-f 7aft2— nfts, to be divided by 
4a2-8aft+3ft2. 

By considering only the letter a, the division would appear pos- 
sible ; but regarding the letter ft, the division is impossible, since 
— Ilft3 is not divisible by 3ft2. 

One polynomial A, cannot be divided by another B containing 
a letter which is not found in the dividend ; for, it is impossible 
that a third quantity, multiplied by B which contains a certain let- 
ter, should give a product independent of that letter. 

A monomial is never divisible by a polynomial, because every 
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polynomial multiplied by either a monomial or a polynomial gives 
a product containing at least two terms which are not susceptible 
of reduction. 

61. Remark. — ^If the letter, i^th reference to which the divi- 
dend is arranged, is not found in the divisor, the divisor is -said to 
he independent of that letter ; and in that case, the exact division 
is impossible, unless the divisor will divide separately the co-efficient 
of each term of the dividend. 

For example, if the dividend wisre dba'^+9ha^+l2b, arranged 
with reference to the letter a, and the divisor 3b, the divisor would 
be independent of ihe letter a ; and it is evident that the exaet divi- 
sion could not be perfbnned unless the co-efficient of each term of 
the dividend were divisible by Bb. The exponents of the leading 
letter in the quotient would be the same as in the dividend. 

1. Divide lScfia^--36a^iX!^'^l2ax by 6a. 

Ans. 3a»«— 6a«a!»^2a. 

2. bivide 25MS0a^+40ia by 5*. 

Ans. 5a*-6aa+8«. 

OF ALGEBRAIC FRACTIONS. 

62. Algebraic fractions should be considered in the same point 
of view as arithmetical fractions, such as f , |^, that is, we must 
conceive that the unit has been divided into as many equal parts 
as there are units in the denominator, and that one of these parts is 
taken as many times as there are units in the numerator. Hence, 
addition, subtraction, multiplication, and division, are performed 
according to the rules established for arithmetical fractions. 

It will not, therefore, be necessary to demonstrate those rules, 
and in their application we must follow the procedures indicated 
for the calculus of entire algebraie quantities. 

63. Every quantity which is not expressed under a fractional 
form is called an entire algebraic quantity. 
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64. An algebraic expressioD, composed partly of an entire quan- 
tity and partly of a fraction, is called a mixed quantity, 

65. When a division of monomial or pol3momial quantities can- 
not be performed exactly, it is indicated by means of the known 
sign, and in this case, the quotient is presented under the form 
of a fraction, which we have already learned how to simplify, 
(Art. 51). With respect to polynomial fractions, the following are 
cases which are easily reduced. 

a*— ^ 
Take, for example, the expression -^ — .g . 

This fraction can take the form ,^ 1^x7 (Art. 46). 

(a— by ^ ' 

Suppressing the factor a—b, which is common to the two terms, 

. . a+b 

we obtain — ^• 

a^b 

.... 5as-10«»*-f-5tf*2 
Again, take the expression 3^ g, . 

This expression can be decomposed thus : — ^^-^j j^ — L ; 

®' 8^^(a-by 

Suppressing the common factor, c^a-^B), the result is 
5{a-b) 

The particular cases examined above, are those in which the 
two terms of the fraction can be decomposed into the product of 
the sum by the difference of two quantities, and into the square of 
the sum or difference of two quantities. Practice teaches the man- 
ner of performing these decompositions, when they are possible. 

But the two terms of the fraction may be more complicated poly- 
nomials, and then, their decomposition into factors not being so 
easy, we have recourse to the process for finding the greatest com- 
mon divisor^ which is explained at page 292. 
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CASE I. 

70. To reduce a fraction to its simplest form. 
RULE. 

I. Decompose the numerator and denominator into factors^ as in 
Art. 48. 

II. Then cancel the factors common to the numerator and denomt- 
fiatoTy and the result will he the simplest form of the fraction, 

EXAMPLES. 

1. Reduce the fraction ^ - . ,^ to its simplest form. 

3aa+12a '^ 

We see, by inspection, that 3 and a are factors of the nume- 
rator, hence 

3ab+eac=3a{h+2c) 

We also see, that 3 and a are factors of the denominator, hence 

3ad+l2a=z3a(d+4) 

. 3ab+6ac _ 3a(b+2c) _ b+2c 
"^^^ 3ad+l2a'^3a{d+4)''d+4 

2. Reduce - — , . ^ , to its simplest form. 

9ab+3ad 2^^^ 



Ans. 



^ „ , 25hc+5bf . , 

3. Reduce ^^,g . ,^, to its lowest terms. 

54tabc 

4. Reduce ,, ^ . ^ — -, to its simplest form. 

45a^c+9acd '^ 

^ „ ^ 36aH+l2abf . . , ^ 
5 Reduce -^ — ^ to its simplest form. 



3b+d 



eb 



Ans. 



ba+d: 
Ans. 



3a+f 



n 
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^ „ , iOSa—Aax . . , ^ 

6. Reduce — --: to its simplest form. 

14a '^ 



54— 2« 
Ans. — = — . 



CASE 11. 

71. To reduce a mixed quantity to the form of a fraction. 

BULE. 

Multiply the endre pari hy the denamnalor of Refraction : then 
connect this product with the terms of the numerator hy the rules for 
additioUf and under the resuU place the given denominator. 

EXAHPLBtS. 

(a«-«») 
L Reduce « to the form of a fraction, 

X 

m = '= . Ans. 

XXX 

ax+ti^ 

2. Reduce x to the form of a fraction. 

2a 

a«— «■ 
Ans, 



2a 



2a?— 7 
8. Reduce 6H — r to the form of a fraction 

aX 



17ar-7 
Ans. 



So; 



x-~a— 1 
4. Reduce 1 to the form of a fraction. 



2a-a?+l 
Ans. " . 



07—8 

5, Reduce l+2« — ^ to the form of a fraction. 



l(to«+4a?+8 

Ans» r . 

6x 
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CASEin. 

72, To reduce a fractiim to an entire or mixed quantity. 

BULB. 

Divide the numerator by ike denominator for the entire partf and 
place the remainder^ if any^ over the denominator for the fractional 
part, 

BXAMFLBS, 

ax-^-a* 

1. Reduce to a mixed quantity. 

ax+t^ a* 
=aH — Ans. 

X X 

ax — d^ 

2. Reduce to an entire or mixed quantity. 

Ans. a-^x. 

ah^2a* 
8. Reduce ' ^ >■ to a mixed quantity. 

2a* 
Ans. a--^. 

4. Reduce to an entire quantity. 



a— 0? 

Ans. a+z. 



5. Reduce to an entire quantity. 

X'^y 



Ans. a^+xy+1^. 

^ « , 10«»-5a?+3 . , 

6. Reduce r to a mixed quantity. 

3 
Ans. 2a:— 1+—. 

CASE IV. 
73. To reduce fractions having different denominators to equiva- 
lent fractions having a common denominator. 
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MMUpl^ €oeh nvmerator nOo M the denmumataffs exeepi ils own^ 
for the nem numeratorSf and aU the dmomimaior^ togeOurfof a com- 
men denominator. 



ah 

1. Reduce -r- and — to equiTtdent jGractioDS having a com- 

o c 

mon denominator. 

axc^ae ) 

, , _,, 1 °^^ iMimeratOMi. 

and • • bxo^he the common denominator. 

2. Reduce -r and to firactioiuii having a oommon de- 

c 

nominator. Ana. ?- and 



be be 

Sx ib 

3. Reduce — » — » and d^ to fractions having a c(»nmon de- 

Ocjc 4db 6aed 

nominator. Ans. -r — ^ -^ — and -^ — . 

6ac 6ae 6ae 

3 2a; 2x 

4. Reduce -7-, -^, and a-i — 9 to fractions having a com- 

4 o a " 

Oa 8ax 12a'+24s 

mon denominator. , Ans. -ttt-"* "ttt-* and r^; . 

12a 12a 12a 

1 «■ a'+«» 

6. Reduce -^, -^ and — ; — , to fractions having a com- 
z o aH-« 

mon denominator. 

3a+3j? 2a*+2a'« 6o*+e«* 

^^' 6i+e^' 6a+6« ' "^ (ki+Qx ' 

CASEY. 
74. To add fractional quantities together. 

^, 4» 
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BULE. 

Reduce thefraeiionef if neceeeary^ io a common denominator: then 
add the numeratore together and place their etmi over the common de» 



BXAICPUBS. 



a c e 

1. Find the sum of -^^ "Ti w^d -j-. 
a J 



Here, . axdxf^^adf] 

cx* Xf=cbf y the new numerators, 
ex^Xd^ 



f^adn 

f=cbf\r 

i=eMJ 



And • • hxdxf=l^ the common denominator* 

^"""^W w w — w — 

Saf 2ax 

2. To a r- add ^+ • 

b e 

An*. a+*+ 



XXX X 

3. Add — , — and — together. Am. «+^« 

a;— 2 4d; lOd?— 14 

4. Add and — together. iifu. g- . 

«— 2 2d;— 3 

5. Add aH — — to 3a?H j — . 

10a?- 17 
Ane. 4x+ 



12 

5a:" X'\-a 

6. It is required to add 4a?, — — , and -^— together. 

A A . ^+ax+a* 

Ans. 4a?+ 



2ax 

2x 7x 2x4-1 

7. It is required to add y* "J* ^^ — g — together. 

. ^ ^ 49»+12 
Afw. 2a;+ 



60 
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8. It is required to add 4a?, — , and 2+— together. 

44X+90 
Ans 4x+ ^ — . 

2x &x 

9. It is required to add 3«+— and x — r- together. 

23a; 
Ans. 3«+-^. 

CASE VI. 
75. To subtract one fractional quantity from another. 

RULE. 

I. Reduce thefracHans to a common denominator. 

II. SubtrouA ike numerator of the fraction to he subtracted from the 
numerator of the other fraction^ and place the difference over the com- 
mon denominator* 

EXAMPLES. 

«— a 2a—4x 

1. Find the difference of the fractions -^ and — g- — 

Here, (r- a)x 3.=3ca:~3ac J ^^^ ^^^,^^„ 

j^ncly 2& X3c=6&c the common denominator. 

Zcx — 3ac ^ah—Shx 3ca7— 3ac— 4a5+8J« 
Hence, —^^ gg;— = ^ • ^^. 

^ 12a? , 8« 
2* Required the difference of „ • and — . 



Ans. 



3. Required the difference of Sjr and -g-. 



Ans. — g 



39a; 
"35"- 



87y 
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4» Required die diflference of — and — • 



19x 

^~- IT- 



5. Required the differenoe between — t— add ^. 



dx+ad-^bc 
Ans, r; . 



9x+a 2«-}-7 

6. Required the difference of — rr — and — - — . 

24i;+8a— lOte— 35& 

Atu. , 

403 

X X — a 

7. Required the differenee of 8a;+-T* and x . 

cx^hx-^db 

An$. 2«-| 7 . 

' he 

CASEVn. 

76« To multiply fractional quantities together. 

RULE, 

If the quanHHes to he multiplied are mixedf reduce them to a frae^ 
iUmalform ; then multiply the numerators Ujgeiher for a numerator 

and the denommatore together for a denominaUjr. 

EXAMPLBS. 

hx , c 
1. Multiply aH — by -j. 

bx a*+d# 
a a 

liencey • • • • • X-j-= 3 — • Afw, 

a d ad 



%x 8a 
2. Required the product of — and -j-. 
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2x 8»^ 

3. Required the product of *— and r--. 



Ans. -=-• 
5a 



2« 2ab Sac 

4. Find the continued product of — $ "T~> ^"^ ""oj" 



Ans. 9ax. 



bx a 

5. It 18 required to find the product of *+— &nd — • 

ah+bx 
Am. • 

X 

6. Required the product of — r — and — r-r- — • 

x*—b* 
Ans. 



x+1 «— 1 

7. Required the product of «+ ^, and --tt* 

^"'* — ?+5a — • 

ax a'— aj* 

8. Required the product of a^ — — by — -p^-. 

Ans. 



CASE VIIL 

77* To divide one fractional quantity by another. 

RULE. 

Reduce the mixed quantitiee, if there are any^ 1o afracHondlform : 
then invert the terms of the didsor andmulHply the fractions together 
as in the last case. 

EXAICPLES. 

h f 

L Divide .... a— r- by — . 

h Hac—h 



a— -— = 



2c 2c 
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Hence, 



'2c' g'^ 2c ^f 2c/ • 



Ans. 


01» 

To"' 


Ax 
Ans. -. 




x+1 


Ana. 


4«* 


An». 


2 

x-r 


Ans. 


Sbx 
2a' 


Ant. 


x-b 


Ans. 





7a? 12 

2. Let -r- be divided by -t-t, 

O lo 

4ai* 
8. Let — ;=— be divided by 5a?. 

«+l 2« 

4. Let — ^— be divided by — • 

o o 

X X 

5. Let 7 be divided by -—. 

«— 1 '' 2 

6al 2a 

6. Let — be divided by -rr. 

X — h Zcx 

7. Let -^-T be divided by -tj-- 

a**— J* a;*4-&a; 
8- Let •:t — ^, . ,, be divided by ?-. 



78. We will add but a single proposition more on the subject of 
fractions. It is this. 

If the same number be added to each of the terms of a proper fraction^ 
the new fraction resulting from this addition vnU be greater than ike 
first ; but if it be added to the terms of an improper fraction^ the re- 
suUing fraction vnU be less than the first. 

a 

Let the fraction be expressed by -^, and suppose a<i. 

Let m represent the number to be added to the terms: the 

fraction then becomes r- — . 
b+m 

In order to compare the two fractions, they must be reduced to the 

same denominator, which gives ^ , , for the first, and „ , 

tr+lm b^+bm 

for the second. 
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Now, the denominators being the same, that fraction will be the 
greatest which has the greater numerator. But the two numera- 
tors, ab+am, and ah+hn^ have a common part a3 ; and the part hm 
of the second is greater than the part am of the first, since 3>a« 
Hence the second fraction is greater than the first. 

If the given fraction is improper} or a^^b^ it is plain that the nu- 
merator of the second fraction will be less than that of the first, 
smce bm would be less than am* 



CHAPTER II. 
Of Equations of the First Degree. 

79. An Equation m the expression of two equal quantities with 
the sign of equality placed between them. Thus, «s=a+^ is an 
equation, in which x is equal to the sum of a and b. 

80. By the definition, every equation is composed of two parts, 
separated from each other by the sign =. The part on the left of 
the sign, is called the j&vt member^ and the part on the right, is called 
the second member; and each member may be composed of one or 
more terms. 

81. Every equation may be regarded as the enunciation, in alge- 
braic language, of a particular problem. Thus, the equation 
a; 4.2;= 80, is the algebraic enunciation of the following problem; 

To find a number tohichf being added to itself^ shaU give a sum 
equal to 80. 

Were it required to solve this problem we should first express it 
in algebraic language, which would give the equaticm 

x+ a;=:80. 

By adding a^ to itself, we have 2dps5 80. 

and by dividing by 2, we obtain .... a:a=15. 



Digitized by 



Google 



58 

Hence we see that the aolutioii of a problem by algebTB, consists 
of two distinct parts« 

1st. To express aJgebraicaUg the rehakm he^ween the knoum €md 
ufikiwwn qucMtiiies. 

2(2. To find a value for the unknown quantity 9 in terms of thbSB 
UfUch are hnown^ which suhstiMed in its place in the given equation 
witt saUsfy the eqwxHon ; tha is^ render the first mendfcr equal to the 
second. 

This latter part is called the solution of the equation. 

82. An equation is said to be verified^ when such a value is sub- 
stituted for the unknown quantity as will prove the two members of 
the equation to be equal to each other* 

83. Equations are divided into different classes. Those which 
contain only the first power of the unknown quantUy^ are called 
equations of the first degree. Thus, 

ax + b =z cx+d is an equation of the Ist. degree. 
2x'— 3a; =5 ^2a^ is an equation of the 2d. degree. 
4a;*— Sflc'ci&c+ll is an equation of the Sd. degree. 
In general, the degree of an equation is denoted by the greatest 
of the exponents with which the unknown quantity is affected. 

84. Equations are also distinguished as numerical equations and 
Uterai equations. The first are those which contain numbers only, 
with the exception of the unknown quantity, which is always de-' 
noted by a letter. Thus, 4a;— 3=2a:4-5, 3a;*— a;=8, are numerical 
equations. They are the algebraical translation of problems, in 
which the known quantities are particular numbers* 

The equations oo;- 5=sca;4-c2, aa;*+^a;=c, are literal equations,, 
in which the given quantities of the problem are represented by 
letters. 

85. It frequently occurs in algebra, that the algebraic sign + or 
— , which is written, is not the true sign of the term before which 
it is placed. Thus, if it were required to suUract <^^ from a, we 
should write 
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a-.(-.J)=a+J. 
Here the true sign of the second term of the binomial is plus, al- 
though its algebraic sign, which is written in the first member of the 
equation, is -^k This minus sign, operalkig «ipon the sign of 3, 
which is also n^ative, produces a phas sign for 3 in the result. 
The sign which results, afler combining the algebraic sign with the 
sign of the quantity, is called the essential sign of the term^ and is 
often different from the algebraic sign. 

By considering the nature of an equation, we perceive that it 
must possess the three following properties. 

1st.- The two members arecomposed of quantities of the same kind. 

2d. The two members are equal to each other. 

dd. The essential sign of the two members must be the same. 

Equations of the First Degree involving but one unknown 
quantity. 

86. An axiom is a self-evident proposition. We may here state 
the following. 

1. If equal quantities be added to both members of an equation, 
the equality of the members will not be destroyed. 

2. If equal quantities be subtracted from both members of an 
equation, the equality will not be destroyed. 

3. If both members of an equation be multiplied by the same 
number, the equality will not be destroyed. • 

4. If both members of an equation be divided by the same num. 
ber, the equality will not be destroyed. 

87. The transformation of an equation consists tn changing its 
form without affectii^ the equality of its members. 

The following transformations are of continued use in the resolu- 
tion of equations. 

First Transformation. 

88. When some of the terms of an equation are fractional, to re^ 
duce the equation to one in which the terms shall be entire 
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Take the equation. 

First, reduce all the fractions to the same denominator, by tho 
known rule ; the equation becomes 

48a? 54a; lag 
""72 72"'*""72"~^ 
and since we can multiply both members by the same number with- 
out destroying the equality, we will multiply them by 72, which is 
the same as suppressing the denominator 72, in the fractional terms, 
and multiplying the entire tenn by 72 ; the equation then becomes 

48a;-&4p+12ff=702. 
or dividing by 6 8a;— 9x+ 2a;=lS2. 

89. The last equation could have been found in another manner 
by employing the least common multiple of the denominators. 

The common multiple of two or more nun^rs is any number 
which they will divide without a remainder ; and the least com- 
mon multiple, is the least number which they will so divide. The 
least common multiple will be the product of all the numbers, 
when, in comparing either with the others, we find no common fac- 
tors. But when there are common factors, the least common muU 
tiple will be the product of all the numbers divided by the product 
of the common factors. 

The least common multiple, when the numbers are small, can 

generally be found by inspection. Thus, 24 is the least common 

multiple of 4, 6, and 8, and 12 is the least camoioa multiple of 

3, 4 and 6. 

2a; 3 x 
Take the last equation -^ j-a?+— =11. 

We see that 12 is the least common multiple of the denomina- 
tors, and if we multiply all the terms of the equation by 12, and 
divide by the denominators, we obtain 

8a;— 0a;+2a;=182. 
the same equation as before found. 
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90* Hence, to make the denominators disappear from* an equation* 
we have the follo¥nng 

RULE 

L Form the least common multiple of aU the denominators. 

IL MuMply each of the entire terms by this mvUipUf and each of 
the fractional terms hy the quoHetU of this multiple divided by the de* 
nominator of the term thus mu&ipliedj and omit the denominators of 
ihe fractional terms* 

EXAMPLES* 

X X 

!• Clear the equation "jr+-s — 4=8 of its denominators. 

Ans. 7«+6«-140=105. 

a c 

2, Clear the equation 'T'""T+f=g' 

Ans. ad-^hc+hdfszhdg. 
Z. In the equation 

ax 2A 4Ac*« 5<^ . 2c" '^ 

the least common multiple of the denominators is a'^ ; hence clear- 
ing the fractions, we obtain 

^•&i;-.2a«*c»a:+4a*^=4ft?c»«-.6a«+2a«^c»-.3a»i'. 

Second Transformation. 

01. When the two members of an equation are entire polynomials, 
to transpose certain terms from one member to the other. 

Take for example the equation . • • • 6a;— 6=8+20;. 

I^ in the first place we subtract 2a; from 
both member?, the equality will not be de- 
stroyed, and we have 5a;— 6— 2x=6. 

Whence we see that the term 2r, which was additive in the 
second member becomes subtractive in the first. 
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In the second place if we add 6 to both 
members, the equality will still exist and 

we have 5«— 6— 2«+6=8+6. 

Or, smce —6 and +6 destroy each other 5x— 2a;=8+6, 

Hence the term which was subtractive in the first memberf passes 
into the second member with the sign of addition. 

Again, take the aquation as[!-\-b^d'-cx. 

If we add ex to both members 
and subtract h from them, the 

equation becomes .... a»+J+caj— J=cl— c«+«J— *. 
or reducing ax+cx:=^d'-h. 

Therefore, for the transposition of the tenns, we have the 
following 

RULE. 

Any term of an equation may he transposed from one member taihe 
other by changing its sign* 

92. We will now apply the preceding principles to the resolution 
of the equation, 

4ff_3s=2«4-5. 
by transposing the terms —3 and 2x it becomes 

Or reducing • 2xr=8 

8 
Dividing by 2 . «=— =4. 

Now, if 4 be substituted in the place of a; in the firft equation, it 
becomes 

4x4—8=2x4+6 
or . . . , 18=18. 

Hence, the value of a; is verified by substituting it for the unknown 
quantity in the given equation. 
For a second example, take the equation 
5x 4m __ 7 18« 
12""T""^^'^T 6"' 
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By maJcing the denonunaJtors dmj^ar, we haye 

10ar-32a;-.312= 21 -53a? 

or, by transposing . lOo;— 32jb+52x= 21 +313 

by reducing • • • S0x=333 

333 111 
dividing by 80 . . «=~-=-j^=ll,l. 

a result which may be verified by substitutuig it for x in the ^ven 
equation. 
For a third example let ns take the equation 
(8a— a?) (a— ft)+2a«=43(«+a). 

It is first necessary to perform the multiplications indicated, in or- 
der to reduce the two memhers to twapolynqmials, and &ua be able 
to disengage the unknown quantity a?, firom the known quantities. 
Having done that, the equation becomes, 

Ba*'-uX'^9ah+hx+2ax=4Jfx+4ab. 
or by tranfi^poaing *. — aa;+&c+2aa?— 4&c =:4a^+3aft— 8a' 
by reducing . • ax-^Shx =7a3— 8a* 

Or, (Art. 48). . * (a-3J)«?=7a*-.8a* 

Dividing both members by a—'Zh we find 

*= a-3* • 
03. Hence, in order to resolve any equation of the first degree, 
we have the following general 

RULE. 

I. If there are any denominators, cause them to disappear, and per- 
form, in holh members, all the algebraic operations indicated : we thus 
obtain an equation the two memhers qf which are entire polynomials. 

II. Then transpose till the terms affected with the unknown quantihf 
into the first member, and aU the knoum terms into the second memier. 

III. Reduce to a single term all ihe terms involving x : this term 
wiU be composed qf two factors, one of which will be x, and the other 
all the multipliers of x, connected with their respective signs. 
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IV. Divide hath members hy the number or polynomial by toMch the 
unknown quantity is multiplied. 

EXAMPUBS. 

1. Given 3a?— 2+24=31 to find x. Ans. a?=3. 

2. Given «+18=3a?— 5 to find «• Ans. «=11— . 

3. Given6— 2a;+10=:20— 8a;— 2tofind«. Ans. a;=2. 

4. Given x+'r--x+—x=zll to find «• Ans. aj=6. 

Z o 

1 6 

6. Given 2a? — jHt+l=5«— 2 to find «. Ans. «=— . 

Z 7 



a 
6. Given 3aa?+-^; — 8=&p— a to find a:. 



6-3a 

Ans. a?="T rr-. 

6a— 26 



7. Given — :; — h-r-=20 ;; — to find x. 



Ans. a?=28-7-. 
4 



a?-{-3 X X — 5 
8. Given — r — h- 3-=^ T~ to find a?. 



6 
iltw. a?=3--. 
10 



oa?— 3 a Jo; 3a?— a ^» , 

9. Given — ^ '"T~Y 3 — *^ *' 



Ans. aj=: 



"8a-26* 
10. Find the value of a? in the equation 

a— 6 a+* ii 

fl*+8a'3+4a»y-6fly+2y 
'*^- *- 26(2a«+fl6-6«) • 
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Of Questions producing Equations of the First Degree 
involving hut a single unknown quantity. 

94. It has already been observed (Art. 81), that the solution of 
a problem by algebra, consists of two distinct parts. 

Ist. To express the conditions of the problem algebraically ; 
and 

2d. To disengage the unknown from the known quantities. 

We have already explained the manner of finding the value of 
the unknown quantity, after the question has been stated ; and it 
only remains to point out the best methods of enunciating a problem 
in the language of algebra. 

This part of the algebraic resolution of a pro))lem, cannot, like 
the second, be subjected to any well defined rule. Sometimes the 
enunciation of the problem furnishes the equation immediately ; and 
sometimes it is necessary to discover, from the enunciation, new con- 
ditions from which an equation may be formed. The conditions 
enunciated are called explicit conditions, and those which are de- 
duced from them, implicit conditions. . # 

In ahnost all cases, however, we are enabled to discover the equa- 
tion by applying the following 

RULE. V 

Consider ike problem solved ; and then indicate, by means of alge- 
hraic signs^ upon the known and unknown quantities, the same course 
of reasoning and operations which it would be necessary to petfomRf 
m order to verify the unknown quantity, had it been given. 

QUESTIONS. 

1. Find a number such, that the sum of one half, one third, and 
one fourth of it, augmented by 45, shall be equal to 448. 

Let the required number be denoted by • . • x . 
5 
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X 

Then, one half of it will be denoted by . . . -^« 



one third of St . , ^Y • 

one fourth of it . . by . . . 

XXX 

And by the conditions, -tr+-7r+^r+45=448. 
» o 4 

Or by subtractmg 45 from both members, 

XXX 

2 ^ 3 ^ 4 

By clearing the terms of their denominatoxs,we obtain 

6a;+4a;+3a;=4836. 

or . . 18a;=4836. 

4836 
Hence . «=--— =372. 

xo 

Let this result be verified. 

372 872 372 

+-4^+45=186+124+98+45=448. 



X 
X 



2 ^ 8 ^ 4 

2. What number is that whose third part exceeds its fourth, by 
16. 
Let the required number be represented by «. Then, 

•^= the third part. 
o 

— ajrs the fourth part 

1 1 

And by the question —x — j-af= 16. 

or, . • . 4a;— 8i;=192. 

x=192. 

Verification. 

192 192 

-z: 7-=64-.48=16. 
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3. Divide 91000 between A, B, and C, so that A shall hate $lft 
more than B, and C $100 more than A. 



Let • • 


x= B's share of the $1000. 


Then . . 


a?+ 72— A's share. 


And • • 


«+172=r C'ssbaw. 


Their sum 


aB+244=1000. 


Whence, 


8«=1000-244=766 


or 


756 
«=— r— =$252= B's share. 
o 



x+ 72=252+ 72=$d24=: A's share. 
And a;+l72=r252+172=$424= C'a share. 

Verification. 
252+324+424=1000. 

4. Out of a cask of wine which had leaked away a third part, 
21 gallons were afterwards drawn, and the cask being then gaugedt 
appeared to be half full : how much did it hold? 

Suppose the cask to have held x gallons. 

X 

Then, -^= what leaked away. 

X 

And — + 21=s all that was taken out of it. 

3 

X 1 

Henoe, — + 21=-jr« by the question. 

o « 

or 2a;+126=3a:. 

or — « = — 126. 

or « = 126, by changing the signs of both 

members, which does not destroy their equality. 

Verification* 

126 126 

-^+21=42+21=63=-^. 

5. A fish was caught whose tail weighed 92^. ; his head waghed 

6* 
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as much as his tail and half his body, and his body weighed as 
much as his head and tail together ; what was the weight of the 
fish? 
Let . 2 x= the weight of the body. * 

Then • 9+x= weight of the head. 
And since the body weighed as much as both head and tail 
2a?=9+ 9+x 
or . . 2aj— «=18 and ajs=18. 

Verification, 

2a?r=: 36 Uf= weight of the body. 

9+«= 27 lb= weight of the head. 

9lb= weight of the tail. 

Hence, • 72 ^= weight of the fish. 

6. A person engaged a workman for 48 days. For each day 
that he laboured he received 24 cents, and for each day that he was 
idle, he paid 12 cents for his board. At the end of the 48 days, the 
account was settled, when the labourer received 504 cents. Re- 
quired the number of working days, and the number of days he toas 
idle. 

If these two nimibers were known, by multiplying them respec- 
tively by 24 and 12, then subtracting the last product from the first, 
the result would be 504. Let us indicate these operations by means 
of algebraic signs. 

Let . . X = the number of working days. 

48— a? = the number of idle days. 
Then 24xa? = the amount earned, and 

12(48—0?)= the amount paid for his board. 
Then 24aj— 12(48— a?) =504 what he received, 

or 24r-576+12a:=504. 

or 36a;=504+576=1080 

1080 
and a ? = ^^ =80 the working days. 

whenccy 48—30=18 the idle days. 
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Verification. 

Thirty day's labor, at 24 cents a day, 
amounts to 30x24=720 cts. 

And 18 day's board, at 12 cents a day, 

amounts to 18x12=216 cts. 

And 720—216=504, the amount received. 

This question may be made general, by deno- 
ting the whole number of working and idle days, by n. 

The amount received, for each day he worked, by a. 

The amount paid for his board, for each idle 
day, by 3. 

And the balance due the laborer, or the result 
of the account, by c. 

As before, let the number of working days be 
represented by of. 

The number of idle days will be expressed • by n—x. 

Hence, what he earns will be expressed . by ax. 

and the sum to be deducted, on account of his board, by b{n — x). 

The equation of the problem therefore is, 

aX'-'h(n—x)z::zC 

whence ax^b n+hx=c 

{a+b)x=:c +bn 

c +hn 

a+b 

e +bn an'{'bn-rC'-hn 
and consequently, n'-x=i n — — TT-== Tjt 

an-^c 
or n— «= — -T. 

a+b 

7. A fox, pursued by a greyhound, has a start of 60 leaps. He 
makes 9 leaps while the greyhound makes but 6 ; but three iQgps of 
the greyhound are equivalent to 7 of the fox. How many leaps 
must the greyhound make to overtake the fox ? 

From the enunciation, it is evident that the distance to be passed 
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over by the greyhound is composed of the 60 leaps which the fox is 
in advance, plus the dist^mce that the fox passes over from the mo- 
ment when the greyhound starts in pursuit of him. Hence, if we 
can find the expression for these two distances, it will be easy to 
form the equation of the problem. 

Let x= the number of leaps made by the greyhound before 
he overtakes the fox. 

Now, since the fox makes 9 leaps while the greyhound makes 

9 8 

but 6, the fox will make -^ or -r- leaps while the greyhound 
o 2 

makes 1 ; and, therefore, while the greyhound makes x leaps, the 

8 

fox will make —0 leaps. 

Hence, the distance which the greyhound must pass over, will be 

8 

expressed by 60+— x leaps of the fox. 

It might be supposed,that in order to ohtain the equation, it would 

be sufficient to place x equal to 60+— x ; but in doing so, a 

manifest error would be committed ; for the leaps of the greyhound 

are greater than those of the fox, and we would then equate hetero- 

geneous numbers, that is, numbers referred to different units. 

Hence it is necessary to express the leaps of the fox by means of 

those of the greyhound, or reciprocally. Now, according to the 

enunciation, 8 leaps of the greyhound are equivalent to 7 leaps of 

7 
the fox, then 1 leap of the greyhound is equivalent to — leaps of 

8 

the fox, and consequently x leaps of the greyhound are equivalent 

10 — of the fox. 

. 7a? 8 

Hence, we have the equati<m — = 60+— a? ; 

making the denominators disappear 14a?=860+ 9ar, 

Whence . . . . 6x=860 and «=72 
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Therefore, the greyhound will make 72 leaps to overtake the fox, 

3 
and during this time the fox will make '72X'jr or 108. 

Verification. 

72 y 7 
The 72 leaps of the greyhound are equivalent to — - — =168 

leaps of the fox. ^ 

And 60+ 108=: 168, the leaps which the fox made from the 
beginning. 

8. A and B play together at cards. A sets down with $84 and 
B with $48. Each loses and wins in turn, when it appears that 
A has five times as much as B. How much did A win 1 

Let X represent what A won. 

Then - - - A rose with $84+* dollars, 
and .... 6 rose with $48— op dollars. 

But by the conditions of the question we have 

84+«=5(48— «); 
hence, 84+«=240— 5* ; 
consequently ... 6a;=156, 
and - «=$26 what A woiL 

Verific<iti(m. 

84+26=110; 48—26=22 
110=5(22)=110. 

9. A can do a piece of work alone in 10 days, B in 13 days : 
in what time can they do it if they work together ? 

Denote the time by ar, and the work to be done by 1 . Then in 

1 day A could do — of the work, and B could do — ; and in x 
10 13 
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days A could do — of the work, and B — : hence by the coa- 



10 



ditions of the question 



which gives 
hence, 



-+--1 
10^13"-^' 

13ar+10a: 1=130: 

130 



23«=130, x=z 



23 



5jf days. 



10. A person dying leaves half of his property to his wife, one-* 
sixth to each of two daughters, one-twelfth to a servant, and the 
remaining $600 to the poor : what was the amount of his property ? 

Represent the amount of the property by x. 

Then, — = what he left to his wife, 

X 

— = what he left to one daughter, 

and 'H'^'q' ^^^ ^® ^^^^ ^ ^^ daughters, 

— = what he left to his servant. 
$600 to the poor. 
Then, by the conditions of the question 

-o'+"5"+To+^^^==* *^® amount of the property, 
« o 12 

which gives a;=$7200. 

11. A father leaves his property, amounting to $2520, to four 
sons, A, B, C and D. C is to have $360, B as much as C and D 
together, and A twice as much as B less $1000 : how much does 
A, B and D receive ? Ans. A $760, B $880, D $520. \ 

12. An estate of $7500 is to be divided between a widow, two 
sons, and three daughters, so that each son shall receive twice as 
much as each daughter, and the widow herself $500 more than aD 
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the chttdren : what was her share, and what the share of each 
child ? . r Widow's share $4000. 

Ans, < Each son $1000. 

i Each daughter $500. 

13. A company of 180 persons consists of men, women, and 
children. The men are 8 more m number than the women, and 
the children 20 more than the men and women together : how 
many of each sort in the company ? 

Ans. 44 men, 36 women, 100 children. 

14. A father divides $2000 among five sons, so that each elder 
should receive $40 more than his next younger brother : what is 
the share of the youngest ? Ans. $320. 

15. A purse of $2850 is to.be divided among three persons. A, 
B, and C ; A's share is to be to 3*s as 6 to 11, and C is to have 
$300 more than A and B together : what' is each one's share? 

Ans. A's $450, B's $825, C's $1575. 

16. Two pedestrians start from the same point, the first steps 
twice as far as the second, but the second makes 5 steps while 
the first makes but one. At the end of a certain time they are 300 
feet apart. Now, allowing each of the longer paces to be 3 feet, 
how far will each have travelled ? 

Ans. 1st, 200/ee<; 2nd, 500. 

17. Two carpenters, 24 journeymen and 8 apprentices, received •X 
at the end of a certain time $144. The carpenters received $1 

per day, each journeyman half a dollar, and each apprentice 25 
cents : how many days were they employed ? Ans. 9 days. 

18. A capitalist receives a yearly income of $2940 : four-fifths 
of his money bears an interest of 4 per cent, and the remainder of 
5 per cent : how much has he at interest ? Ans. 70000. 

19. A cistern containing 60 gallons of water has three unequal 
cocks for discharging it ; the largest will empty it in one hour, the 
second in two hours, and the third in three : in what time will the 
cistern be emptied if they all run together ? Ans. 32^ min. 
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20. In a certain orchard ^ are apple trees, ^ peach trees, ^ pltun 
trees,' 120 cherry trees, and 80 pear trees : how many trees in the 
orchard? Ans. 2400. 

21. A farmer being asked how many sheep he had, answered 
that he had them in five fields ; in the 1st he had ^, in the 2nd ^, 
in the 3rd |^, in the 4th ^, and in the 5th 450 : how many had he ? 

Ans, 1200. 

22. My horse and saddle together are worth $132, and the horse 
is worth ten times as much as the saddle : what is the value of 
the horse? Ans, $120. 

23. The rent of an estate is this year 8 per cent greater than it 
was last. This year it is $1890 : what was it last year ? 

Ans. $1750. 

24. What number is that from which, if 5 be subtracted, f of 
the remainder will be 40 ? Ans. 65. 

25. A post is ^ in the mud, |> in the water, and ten feet above the 
water : what is the whole length of the post ? Ans. 24 feet. 

26. After paying \ and ^ of my money, I had 66 guineas left 
in my purse : how many guineas were in it at first? 

Ans. 120. 

27. A person was desirous of giving 3 pence apiece to some 
beggars, but found he had not money enough in his pocket by 8 
pence : he therefore gave them each 2 pence and had 3 pence re- 
maining: required the number of beggars. Ans, 11. 

28. A person in play lost \ of his money, and then won 3 shil- 
lings ; after which he lost ^ of what he then had ; and this done, 
found that he had but 12 shillings remaining : what had he at first? 

^ . Ans. 20s. 

29. Two persons, A and B, lay out equal sums of money in 
trade; A gains $126, and B loses $87, and A's money is now 
double of B's : what did each lay out? Ans, $300. 

30. A person goes to a tavern with a certain sum of money in his 
pocket, where he spends 2 shillings ; he then borrows as much mo- 
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ney as he bad lefl, and going to another tavern, he there spends 2 
shillings also ; then borrowing again as much money as was Jefl, he 
went to a third tavern, where likewise he spent two shillings and 
borrowed as much as he had left ; and again spending 2 shillings 
at a fourth tavern, he then had nothing remaining. What had he 
at first ? Ans. Zs. 9d. 

Of Equations of the First Degree involvit^ two or more 
unknown qtiantities. 

95. Although several of the questions hitherto resolved, contain- 
ed in their enunciation more than one unknown quantity, we have 
resolved them by emplo)ring but one symbol. The reason of this 
is, that we have been able, from the conditions of the enunciation, 
to express easily the other unknown quantities by means of this sym- 
bol ; but this is not the case in all problems containing more than 
one unknown quantity. 

To ascertain how problems of this kind are resolved : first, take 
some of those which have been resolved by means of one unknown 
quantity. 

1. Given the sum a, of two numbers, and their difference h, it is 
required to find these numbers. 

Let x=: the greater, and y the less number. 
Then by the conditions .... x+y=a» 
and • . . • x—y=b. 

By adding (Art. 86. Ax. 1.) . . . 2x—a+h. 

By subtracting (Art. 86. Ax. 2.) . • 2y=a—b, 

Bach of these equations contains but one unknown quantity. 

From the first we obtain . . . «=-—--. 

2 

And from the second .... y=— ~— . 
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Verification, 
a+h a— J 2a , a+h a^h 2ft 

For a second example, let us also take a problem that has been 
already solved. 

2. A person engaged a workman for 48 days. For each day 
that he labored he was to receive 24 cents, and for each day that he 
was idle he was to pay 12 cents for his board. At the end of the 
48 days, the account was settled, when the laborer received 504 
cents. Required the number of working days and the number of 
days he was idle. 

Let X = the number of working days. 

y = the number of idle days. 

n = the whole number of days = 48. 

a = what he received per day for work = 24 cts. 

h = what he paid per day for board = 12 cts. 

c = what he received at the end of the time =s 504. 

Then, ax = what he earned, 

And by = what he paid for his board. 

( x-^- y=^n* 
We have by the question .... J , 

( ax—oy^c. 

It has already been shown that the two members of an equation 
can be multiplied by the same number, without destroying the equal, 
ity ; therefore the two members of the first equation may be multi- 
plied by 3, the co-efficient of y in the second, and we have 

The equation bx+hyz=zbn» 

Which, added to the second . . ax-'hy=: c. 
Gives ax+hx=bn'\-c. 

Whence a?= -., 

a+o 

In like manner, multiplying the two members of the first equa- 
tion by a, the co-efficient of a; in the second, it becomes 
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ax+ay=ian» 

From which, subtract the second equation, ax'-hy= c. 

And we obtain ay+by^an-^e. 

an—e 
Whence , • • • . y= — r-r. 

By introducing a s3rmbol to represent each of the unknown quan^ 
titi^ in the preceding problem, the solution which has just been 
given has the advantage of making known the two required num. 
bers, independently of each other. 

Elimination. 

96. The method which has just been explained of combining two 
equations, involving two unknown quantities, and deducing there- 
from a single equation involving but one, may be extended to three, 
four, or any number of equations,^ and is called elimination. 

There are three principal methods of elimination : 

1st. By addition and subtraction. 

2d. By substitution. 

dd. By comparison. 
We ¥dll ccMisider these methods separately. 

Elimination by Addition and Suhtf action. 

«, , , < 5a?+7y=43. 

97. Take the two equations . . ) , , . ^ 

^. i lla?+9y=69. 

which may be regarded as the algebraic enunciation of a problem 
containing two unknown quantities. If, in these equations, one of 
the unknown quantities was affected with the same co.efficient, we 
might, by a simple subtraction, form a new equation which would 
contain but one unknown quantity, and from which the value of this 
unknown quantity could be deduced. 

Now, if both members of the first equation be multiplied by 9, 
the co-efficient of y in the second, and the two members of the 
second by 7, the co-efficient of y in the first, we will obtain 
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45«+63y=387, 
77a?+63y=483, 

equations which may be substituted for the two fiist, and in which 
y is affected with the same co-efficient. ' 

Subtractmg, then, the first of these equations from the second, 
there results 32a;=s96, whence «=3. 

Again, if we multiply both members of the first equati(»i by 11, 

the co-efficient oi x'm the second, and both members of the second 

by 5, the co-efficient of os in the first, we wi]l form the two equatkns 

55a?+77y=;473, ) , , , 

^^ . - i. ** - 1^ ( which may be substituted for the two 
552r4-45y=345, ) '^ 

proposed equations, and in which the co-efficients of x are the same. 

Subtracting, then, the second of these two equations from the first, 
there results 32y=128, whence y=4. 

Therefore «=3 and y=4, are the values of x and y, which 
should verify the enunciation of the question. Indeed we have, 

1st. 6x3+7x4=15+28=43; 
2d. 11x3+9x4=33+36=69. 

The method of elimination, just explained is called the method hy 
addition and subtraction^ because the unknown quantities disappear 
by additions and subtractions, afler having prepared the equations 
in such a manner that one unknown quantity shall have the same 
co-efficient in two of them. 

Elimination by Substitution. 

^ rm , , < 5«+7y=43. 

98. Take the same equations . . i , , . « 

^ ( lla?+93f=e9 

Find the value of a; in the first equati(»i, which gives 

43-7jf 

Substitute this value of a? in the second equaticm, and we have 

43-7tf 
ilx— e^+dy=69. 
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or • 473— 77y+45yfc=a45: 

or . — 32y = — 128. 

Hence • ^=4. 

And . a?= — = — =3. 

o 

This method, called the method by substitutiony consists m finding 

the value of one of the unknown quantities in one of the equations^ 

as if the other unknown quantities were already determined, and in 

substituting this value in the other equations; in this way new equa- 

tions are fonned, which contain one unknown quantity less than tha 

given eqUatioQSy and upon Which we operate as upon the proposed 

equati<ms. 



Elimination by Comparison. 

C 5a?+7y== 
same equations j naj+9y= 

Finding the value of » in the first equation, we have 



i6a;4-7tf=:43 



And finding the value of « in the second, we obtain 

69-% 

Let these two values of x be placed equal to each other, and we 
43- ly 69- 9tf 



have. 



Or, . 
Or, . 
Hence, 

And, 



5 11 

473-77y=345-45y 

~32y = -128. 

y= 4 

69-36 



a?=- 



11 



This method of elimination is called the method by comparison, 
and consists in finding the value of the same unknown quantity in all 
the equations, placing them equal to each other, two and two, which 
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necessarily gives a new set of equations, containing one unknown 
quantity less than the other, upon which we operate as upon the 
proposed equations. 

But there is an inconvenience in the two last methods, which the 
method by addUion and subtracHan is not subject to, viz. : they pro- 
duce new equations, containing denominators, which it is afterwards 
necessary to make disappear. The method by substxtution is, how- 
ever, advantageously employed whenever the co-efficient of one of 
the unknown quantities is equal to unity in one of the equati(»s, be- 
cause then the inconvenience of which we have just spoken does not 
occur. We shall sometimes have occasion to employ it, but gene- 
rally, the method by additum and subtraction is preferable. It more- 
over presents this advantage, viz. : when the co-efficients are not 
too great, we can perform the addition or subtraction at the same 
time with the multiplication which is necessary to render the co-ef- 
ficients equal to each other. 

100. Let us now consider the case of three equations involving 
three unknown quantities. 

{5aj-6y+4«=15. 
7x+4.y'-'Sz=19. 
2ir+ y+62=:46. 
To eliminate x by means of the first two equations, multiply the 
first by 3 and the second by 4, then since the co-efficients of z have 
contrary signs, add the two results together: this gives a new 

equation 48a:— 2y=121 ^ 

Multiplying the second equation by 2, a fac- 
tor of the co-efficient of a? in the third equation, 
and adding them together, we have . . I6x+9y= 84 ^ 

The question is then reduced to finding the values of x and y, 
which will satisfy these new equations. 

Now, if the first be multiplied by 9, the second by 2, and the re. 
suits be added together, we find 

419«=1257, whence aj=:3. 
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We might, by means of the two equations involving x and y, de- 

tennine y in the same way we have determined x ; but the value of 

y may be determined more simply, by observing that the last of 

these two equations becomes, by substituting for x its value found 

above, 

84-48 
48+9y=84 whence y=r — x-— =4. 

In the same manner the first of the three proposed equations, be- 
comes, by substituting the values of x and y, 

24 
15— 24+4«=15, whence «=-— =6. 

4 

101. Hence, if there are m equations inyolving a like number of 
unknown quantities, the unknown quantities may be eliminated by 
the following 

RULE. 

I. To eUndnaie one of the unknown quantitieSf comUne any one of 
Ae eqwUians with each of them— \ others ; there wiU thus he obtain- 
ed m— 1 new equations containing m— 1 unknown quantities. 

II. EUndnaie another unkfunon quality hy combining one of these 
new equations with the m— 2 others; this will give m— 2 equations 
containing m— 2 unknown quantities. 

III. Continue this series of operations until a single equation con* 
taining hut one unknown quantity is ohtained^from which the value of 
this unknown quantity is easily found. Then by going hack through 
the series of equations which have been obtained, the values of the 
other uiiknown quantities may he successively determined. 

102. It often happens that each of the proposed equations does 
not contain all the unknown quantities. In this case, with a little 
address, the elimination is very quickly performed. 

Take the four equations involving four unknown quantities : 

2«-3y+2«=18 J . . (1) 4y+22 = 14'. . (8). 
4a-2a?=3ol • . (2) 5y+3tt=32 . • (4). 
6 
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By inspecting these equations, we see that the elimination of ^ in 
the two equations, (1) and (3), will give an equation involving x and 
1^ ; and if we eliminate u in the equations (2) and (4), we will ob- 
tain a second equation, involving x andy. These two last unknown 
quantities may therefore be easily determined. In the first place, 
the elimination of « in (1) and (3) gives . . 7y— 2a?=l -^ 

That of tt in (2) and (4), gives . . . 20y+6ar=38 

Multiplying the first of these equations by 3, 
and adding 41^=41 

Whence y= 1 

Substituting this value in 7^^— 2a?=l, we find . a?= 3 

Substituting for x its value in equation (2), 
it becomes 4ii— 6==30, whence . . . ti= 9 

And substituting for y its value in equation 
(3), there results z= 5 J 



EXAMPLES. 



1. Given 2ai+3y=16, and 3a;— 2y=ll to find the values of 
X and y. Ana. a?=:5, y=2. 

61 

to find the values 



2a; dv 9 , Sx 2y 
2. Given y+f =35 and -+-|= 



120 



of X and y. 



Ans. «=-, y=-, 



X y 

3. Given — +7y=99, and — +7a;=51, to find the values of 



X and 2^. 



X V xA-v X 

4- Given -^""^^^^T +®' ^^ "T^+¥ 



Ans. a;=7, y=14 
2y~a? 



-8= 



27, 



to find the values of x and y. Ans. a?=60, y=40. 

" «+ y+ «=29' 

«+ 2y+ 3«=62 
111 

K=10 



5. Given -< 



to find Xf y and z. 



Ans. «=8, y=9, «=12. 
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{2x+ 4y- 8«=22^ 
4x— 2y+ 5*= 18 I to find a;, 
6*+ 7y- «=63j 



83 



7. Given 



"^+■2^+1^=^ 



1 
1 



t=15 



e=:12 



j^ and 2. 
Aim. x=3y y=:7, 2=4. 

>• to find ^9 y and z, 
a;r=12, y=20, «=dO. 



to find x^y^XyUj and f . 



Ana. 
f 7«- 2«+ 8tt=17' 
4y- 2«+ <=11 
8. Given \ 5y— Sa:- 2tt= 8 
4j^. 3u+ 2t= 9 
82+ 8tt=dd^ 
Ans. x=z% J^=4, 2=8, ti=:3, <=!. 

108. In all the preceding reasoning, we have supposed the num. 
ber of equations equal to the number of s3rmbols employed to de- 
note the unknown quantities. This must be the case in every pro- 
blem involving two or more unknown quantities, in order that it may 
be determinate ; that is, in order that it may not admit of an infi- 
nite number of solutions. 

Suppose, for example, that a problem involving two unknown 
quantities, »and y, leads to the single equation, 5a?— 8j^=12 ; we 
\2+^ 



deduce from it a;= 



there results, 



5 

«=8, 



Now, by making successively 
2, 8, 4, 5, 6, dsc, 



18 
and every system of values, 



21 



24 



27 

5' 



6, dsc, 



6* 
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(y=l, «=3); (y=2,«=— j; (y=:8, «=— j ; &c. 

substituted for x and y in the equation, will satisfy it equally well. 

If we had two equations involving three unknown quantities, we 
could in the first place eliminate one of the unknown quantities by 
means of the proposed equations, and thus obtain an equation, which, 
containing two unknown quantities, would be satisfied by an infinite 
number of systems of values taken for these unknown quantities. 
Therefore, in order that a problem may he determined, its enunciation 
mugt contain at least as many differetA conditions as there are unknown 
quaip^iHeSf and these conditions must be such, that each of iSkem may 
be expressed by an independent equation ; that is, an equation not 
produced by any combination of the others of the system. 

If, on the contrary, the number of independent equations exceeds 
the number of unknown quantities involved in them^ the conditions 
which they express cannot be fiilfilled* 

For example, let it be required to find two numbers such that 
their sum shall be 100, their difierence 80, and their product 700. 

The equations expressing these conditions are, 

a?+y=100 

a?— y= 80 

and «Xy=700. 

Now, the first two equations determine the values of x and y, viz. 
0^=90 and ^=10. The product of the two numbers is therefore 
known, and equal to 900. Hence the third condition cannot be fiil- 
filled. 

Had the product been placed equal to 900, all the conditions 
would have been satisfied, in which case, however, the third would 
not have been an independent equation, since the conditicxi expressed 
by it, is implied in the other two. 

QUESTIONS. 

1. What fraction is that, to the numerator of which, if 1 be add- 
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ed, its value will be — , but if one be added to its denominator, its 

value will be -r*. 
4 

X 

Let the fraction be represented by — • 

x+1 1 a; 1 

Then, by the question =-j- and -i^=-T"« 

^ Whence 3a;+d=y, and Ax=y+l. 

Therefore, by subtracting, «— 3=1 or x= 4. 
Hence, 12+3=y: therefore y=16. 

2. A market womui bought a certain number of eggs at 2 for a 
penny, and as many others, at 3 for a penny, and having sold them 
again altogether, at the rate of 5 for 2i, found that she had lost 
44: how many eggs had she? 

Let 2a;= Ha whole number of eggs. 

Then a?s= l^kumber of eggs of each sort. 



■kwl 
fro cc 



Then will 7rx=s fM cost of the first sort. 



And 7^= the cost of the second sort. 

% 4a; 

But 5 : 2 : : 2a? : -r- the amount for which the eggs were 
# o 

sold. 

1 1 4* 

Hence,by the question "o^+"«"*— g" =4* 

Therefore . . 15«+10«— 24a:=120. 

Or, • • a;=:120 the number of eggs of 

each sort. 

8. A person possessed a capital of 30,000 dollars for which he 
drew a certain interest ; but he owed the sum of 20,000 dollars, for 
which he paid a certain interest. The interest that he received ex- 
ceeded that wnich he paid. by 800 dollars. Another person pos- 
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sessed 35,000 doUarSi for which he received interest at the second 
of the ahove rates, but he owed 24,000 dollars, for which he paid 
interest at the first of the above rates. The interest that he re- 
ceived exceeded that which he paid by 310 dollars. Required, the 
two rates of interest. 

Let X and y denote the two rates of interest : that is, the interest 
of $100 for the given time. 

To obtain the interest of 830,000 at the first rate denoted by x, 

we form the proportion 

30,000a; 
100 : a? : : 30,000 : : or 300«. 

And for the interest $20,000, the rate being y* 

20,000y 
100 : y :: 20,000 : : — rj^ or 200y. 

fiut from the enunciation, the difference between these two in. 
terests is equal to 800 dollars. ^n 

We have, then, for the first equation o^B problem, 
300«- 2002^=80^ 

By writing algebraically the second condition of the problem, we 
obtain the other equation, 

350y-.240«=310. ^ 

Both members of the first equation being divisible by 100, and 
those of the second by 10, we may put the following, in place of 
them : 

3«— 2y=8, 353^— 24i;=:31. 

To eliminate », multiply the first equation by 8, and then add it 
to the second ; there results 

10jf=:95, whence y=5. 

Substituting for y^ in the first equation, its value, this equation 
becomes 

3a;— 10=8, whence «=6, 

Therefore, the first rate is 6 per cent., and the second & 
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Verification. 

$30,000, placed at 6 per cent,, gives 300x6, = OlSOO. 
920,000, do. 5 do. 200x5, = $1000. 

And we have 1800—1000=800. 

The second condition can be verified in the same manner. 

4. There are three ingots composed of different metals mixed 
together. A pound of the first contains 7 ounces of silver, 3 ounces 
of copper, and 6 of pewter. A pound of the second contains 12 
ounces of silver, 8 ounces of copper, and 1 of pewter. A pound 
of the third contains 4 ounces of silver, 7 ounces of copper, and 5 
of pewter. It is required to find how much it will take of each of 
the three ingots to form a fouftli, which shall contam in a pound, 8 
ounces of silver, 3J of copper, and 4j of pewter. 

Let Xf y and % represent the number of ounces which it is neces- 

sary to take from the three ingots respectively, in order to form a 

pound of the required ingot. Since there are 7 ounces of silver in 

a pound, or 16 ounces, of the first ingot, it follows that one ounce 

of it contains -^ of an ounce of silver, and consequently in a num- 

7x 
ber of ounces denoted by Xt there is — ounces of silver. In the 

12y 4z 

same manner we would find that —rr- and -rr, express the num- 

lo 16 

ber of ounces of silver taken front the second and third, to form 

the fourth ; but from the enunciation, one pound of this fourth ingot 

contains 8 ounces of silver. We have, then, for the first equation 

7« 12y Az 

16^ 16 ^16 

or, making the denominators disappear. . 7x+12y+4z=128 ^ 
As respects the copper, we should find . . Sx+ 3y+7«= 60 > 
and with reference to the pewter . . . 6x+ y+52= 68 J 

As the co-efficients of y in these three equations, are ihe most 
simplct it is most convenient to eliminate this unknown quantity first. 
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Multiplying the second equatknv by 4, and subtracting the iir^ 
equation from the product, we have . . . 5a?+24«=] 

Multiplying the third equation by 8, and 
subtracting the second from the product • • 15a;+ 821=1 

Multiplying this last equation by 3, and subtracting the preced- 
ing one from the product, we obtain 402;=s320, whence a!=3=8. 

Substitute this value for x in the equation 1507+82;= 144 ; it be- 
comes 

120+82=144, whence 2;=3. 

Lastly, the two values x=8, 2;= 3, being substituted in the equa- 
tion 6a?+y+5«=68, give 48+y+ 15=68, whence y=5. 

Therefore in order to form a pound of the fourth ingot, we must 
take 8 ounces of the first, 5 ounces of the second, and 3 of the 
third. 

Verification. 

If there be 7 ounces of silver in 16 ounces of the first ingot, in 
8 ounces of it, there should be a number of ounces of silver ex- 

12x5 4x3 

In like maimer . — -^ — and ■ will express the quantity 

of silver contained in 5 ounces of the second ingot, and 3 ounces of 
the third. 

Now, we have -jg-H jg — '"""liT^'Te"'^® ' therefore, a 

pound of the fourth ingot contains 8 ounces of silver, as required by 
the enunciation. The same conditions may be verified relative to 
the copper and pewter. 

5. What two numbers are those, whose difference is 7, and sum 
33 ? Ans. 13 and 20. 

6. To divide the number 75 into two such parts, that three times 
the greater may exceed seven times the less by 15. 

Ans. 54 and 21. 
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>• 

7. la a mixture of wine aod «ider, ^ of the whole plus 25 gal- 
Jons was wine, and ^ part minus 5 gallons was cider } how many 
gall<M9S were there of each ? 

Ams* 85 of wine, and 85 of cider. 

8. A hill of £120 was paid in guineas and moidores, and the 
numher of pieces of both sorts that were used was just 100 ; if the 
guinea be estimated at 21«. and the moidore at 27 «• how many 
were there of each ? Ans. 50 of each. 

9. Two travellers set out at the same time from London and 
York, whose distance apart is 150 miles ; one of them goes 8 miles 
a day, and the other 7 ; in what time will they meet ? 

Ana. In 10 days. 

10. At a certain election, 375 persons voted for two candidates, 
and the candidate chosen had a majority of 91 ; how many voted 
for each ? Ans. 233 for one, and 142 for the other. 

11. A's age is double of B's, and B's is triple of C's, and the sum 
of all their ages is 140 ; what is the age of each ? 

Ana. A'sa=84, B's=42, aad C's=14. 

12. A person bought a chaise, horse, and harness, for £60 ; the 
horse came to twice the price of the harness, and the chaise to twice 
the price of the horse and harness ; what did he give for each ? x 

{£13. Ss. Sd. for the horse. 
£ 6. IBs. 4d. for the harness. 
£40. for the chaise. 

13. Two persons, A and B, have both the same income : A saves 
} of his yearly, but B, by spending £50 per annum more than A, 
at the end of 4 years finds himself £100 in debt ; what is their 
income ? w, Ans. £125. 

14. A person has two horses, and a saddle worth £50 ; now if 
the saddle be put on the back of the first horse, it will make his 
value double that of the second ; but if it be put on the back of the 
second, it will make his value triple that of the first ; what is the 
value of each horse 1 

Ans. One £30, and the other £40. 
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' 15. To divide the number 86 into three such parts that I of the 
first, I of the secoudy and } of the third, may be all equal to each 
other. Ans. 8, 12, and 16. 

16. A footman agreed to serve his master for £8 a year and a 
livery, but was turned away at the end of 7 months, and received 
only £2. Ids. 4d. and his livery ; what was its value? 

Ans. £4. 16«. 

17. To divide the number 90 into four such parts, that if the first 
be increased by 2, the second diminished by 2, the third multiplied 
by 2, and the fourth divided by 2, the sum, difference, product, and 
quotient so obtained, will be all equal to each other. 

Ans. The parts are 18, 22, 10, and 40. 

18. The hour and minute hands of a clock are exactly together 
at 12 o'clock ; when are they next together ? 

Ans. Ih. b-Jjfnifu 

19. A man and his wife usually drank out a cask of beer in 12 
days ; but when the man was &om home, it lasted the woman 30 
days ; how many days would the man alone be in drinking it ? 

Ans, 20 days. 

20. If A and B together cau perform a piece of work in 8 days, 
A and C together in 9 days, and B and C in 10 days : how many days 
would it take each person to perform the same work alone ? 

Ans. A 14ft <iays, B 17}f, and C 23^^- 

21. A laborer can do a certain work expressed by a, in a time 
expressed by J ; a second laborer, the work c in a time d ; a third, 
the work 6, in a timey*. It is required to find the time it would take 
the three laborers, working together, to perform the work g. 

hdfg 
^^' ""^ adf+bcf+hde' . 

Application. 

a=:27; i=:4 | c=35 ; d=6 | 6=40 ; /=12 | ^=191; 
X will be found equal to 12. 

22. If 32 pounds of sea water contain 1 pound of salt, how 
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much fresh water must be added to these 82 pounds, in order that 
the quantity of salt contained in 32 pounds of the new mixture 
shall be reduced to 2 ounces, or | of a pound 1 

Ans. 224 Z&. 

23. A number is expressed by three figures ; the sum of these 
figures is 11 ; the figure in the place of units is double that in the 
place of hundreds ; and when 297 is added to this number, the sum 
obtained is expressed by the figures of this number reversed. What 
is the number ? * Ans. 326 

'^ 24. A person who possessed 100,000 dollars, placed the greater 
part of it out at 5 per cent, interest, and the other part at 4 per 
cent. The interest which he received for the whole amounted to 
4640 dollars. Required, the two parts. 

^ Ans. 64,000 and 86,000. 

25. A person possessed a certain capital, which he placed out at 
a certain interest. Another person who possessed 10,000 dollars 
more than the first, and who put out his capital 1 per cent, more 
advantageously than he did, had an. income greater by 800 dollars. 
A third person who possessed 15,000 dollars more than the first, 
and who put out his capital 2 per cent, more advantageously than 
he did, had an income greater by 1500 dollars. Required, the capi- 
tals of the three persons, and the three rates of interest* 

Sums at interest, 930,000, $40,000, $45,000. 
Rates of interest, 4 5 6 percent. 

26. A banker has two kinds of money ; it takes a pieces of the 
first to make a crown, and b of the second to make the same sum. 
Some one offers him a crown for c pieces. How many of each kind 
must the banker give him ? 

An., istkind. f(£^; 2dku,d, fc>. 

27. Find what each of three persons A, B, C, is worth know- 
ing; 1st, that what A is worth added to Z times what B and C are 
worth is equal top ; 2d, that what B is worth added to m times what 
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A and C are worth iB equal to ^ ^ 8d, that what C is worth added to 
n times what A and B are worth is equal to r. 

This question can he resplved in a very nmple msuuier, by intro 
ducing an auxiliary unknown quantity into the calculus. This un- 
known quantity is equal to what A, B and C are worth. 

28. Find the values of the estates of six persons, A, B, C, D, E, 
F, from the following conditicms J 1st. The sum of the estates of A 
and B is equal toa ; that of C and D is equal to h ; and that of £ and 
F is equal to c, 2d. The estate of A is' worth m times that of C ; 
the estate of D is worth n times that of £» and the estate of F is 
worth p times that of B. 

This problem may be resolved by means of a single equation, 
involving but one unknown quantity. 

Theory of Negative Quantities. Explanation of the terms^ 
Nothing and Infinity. 

104. The algebraic signs are an abbreviated language. They 
point out in the shortest and clearest manner the operations to be 
performed on the quantities with which they are connected. 

Having once fixed the particular operation indicated by a parti, 
cular sign, it is obvious that that operation should always be perform- 
ed on every quantity before which the sign is placed. Indeed, the 
principles of algebra are air established upon the supposition, that 
each particular sign which is employed always means the same 
thing ; and that whatever it requires is strictly performed. Thus, 
if the sign of a quantity is +, we understand that the quantity is to 
be added ; if it is —, we understand that it is to be subtracted. 

For example, if we have —4, we understand that this 4 is to be 
subtracted from some other number, or that it is the result of a sub- 
traction in which the number to be subtracted was the greatest. 

If it were required to subtract 20 from 16, the subtraction could 
not be made by the rules of arithmetic, since 16 does not contain 
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20 ; nor indeed can it be entirely performed by Algebra. We 
write the numbers for subtraction thus, 

16-20=16-16— 4= -4. 

By decomposing —20 into —16 and —4, the —16 will cancel 
the +16, and leave —4 for a remainder. 

We thus indicate that the quantity to be subtracted exceeds the 
quantity from which it is to be taken, by 4. 

To show the necessity of giving to this remainder its proper sign, 
let us suppose that the difference of 16— 20 is to be added to 10. 
The numbers would then be written 

16--20=- 4 

+10 = +10 

26-20=+ 6 

105. If the sum of the negative quantities in the fixai member of 
the equation, exceeds the sum of the positive quantities) the second 
member of thfi equation will be negative, and the verification of l^e 
equation will show it to be so. 

For example, if a— 6=c, 

and we make a=15 and J=18, c will be =—3. Now the essen- 
tial sign of c is different from its algebraic sign in the equation. 
This arises from the circumstance, that the equaticm a*^b=zc ex- 
presses generalhfy the difference between a and b, without mdicataQg 
which of them is the greater. When, therefore, we attribute par- 
ticular values to a and &, the sign of c, as well as its value, becomes 
known. 

We will illustrate these remarks by a few examples. 

1. To find a number which, added to the number &, gives for a 
sum the number a. 

Let a?= the required number. 
Then, by the condition x+ht=a, whence xz^a-^b. 
This expression, or formula, will give the algebraic value of « in 
all the particular cases of this problem. 
For example, let a=47, ft=29, then {c=47— 20=18. 
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Again, let a=24, *=:81 ; then will a;=24— 31=— 7. 

This value ohtained for x, is called a negative tohoion. How is 
il to be interpreted ? 

Considered arithmetically, the problem with these values of a and 
b, is impossible, since the number b is already greater than 24, Con- 
sidered algebraically, however, it is not so ; for we have found the 
value of a; to be —7, and this number added, in the algebraic sense, 
to 31, gives 24 for the algebraic sum, and therefore satisfies both 
the equation and enunciation. 

2. A father has lived a number a of years, his son a number of 
years expressed by b. Find in how nuiny years the age of the 
son will be one fourth the age of the father. 

Let «= the required number of years. 

Then a+«= the age of the father ) , , ^ , 

J , , ^. - ^, { at the end of the requir- 

and b+x=i the age of the son ) ^ 

ed time. 

a+x a*-43 

Hence, by the question — j- = J+o? ; whence «= — - — . 

64-36 18 
Suppose a=54, and i=9 : then «= — r — =—=6. 

The father having lived 54 years, and the son 9, in 6 years the 

father will have lived 60 years, and his son 15 ; now 15 is the 

fourth of 60 ; hence, a;=6 satisfies the enunciation. 

45—60. 
Let us now suppose a=45, and ft=15 : then a?= — r — = —5. 

o 

If we substitute this value of a; in the equation of condition, we 

obtain 

45-5 

— - — =15-5 
4 

or 10=10. 

Hence,— 5 substituted for x verifies the equation, and therefore 
is the true answer. 
Now, the positive result which has been obtained, shows that the 
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age of the father will be four times that of the son at the expiration 
of 6 years from the time when their ages were considered ; while 
the negative result indicates that the age of the father was four times 
that of his son, 5 years previous to the time when their ages were 
compared. 

The question, taken in its most general or algebraic sense, de. 
mands the time^ at which the age of the father was four times that 
of the son. In stating it, we supposed that the age of the father 
was to be augmented ; and so it was, by the first supposition. But 
the conditions imposed by the second supposition, required the age 
of the father to be diminished, and the algebraic result conformed 
to this condition by appearing with a negi^tive sign. If we wished 
the result, under the second supposition, to have a positive sign, we 
might alter the enunciation by demanding how many years since the 
age of Ike father was four times that of his son. 

If a;= the number of years, we shall have 

— -— ==d— a?: hence «= — r — . 



If a=45 and ^=15, x will be equal to 5. 
Reasoning from analogy, we establish the following general 
principles. 

1st. Every negative value found for the unknown quantity in a 
problem of the first degree, wiUj when taken with its proper sign, verify 
the equation from which it was derived. 

2d. That this negative value, taken with Us proper sign, will also 
satisfy ike enunciation of the proMem, understood in its algebraic 
sense. 

3d. If the enundatwn is to be understood in its artihmetical sense^ 
in which tke quantities referred to are always supposed to be positive, 
then Ms value, considered without reference to its sign, may be con- 
sidered as the answer to a problem, of which ^ enunciation only dif- 
fers from tkat of the proposed problem in this, that certain quantities 
which were additive, have become stibtractwe, and ree^ocaUy. 
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106. Take for ezamide the problem of the labourer (Page. 88). 
Supposing that the labourer receives a sum Cf we have the 
equatioDs. 

x+ y=n ) hn+e an-^c 






whence «=• -r-, y=- 



ax'-dy=^c ) ' a+b ' ^ a+b ' 

But if we suppose that the labourer, instead of receivingi owes a 
sum c, the equations will then be 

By changing the signs of the second equaticm. 

Now it is visible that we can obtain immediately the values of « 
and ff which correspond to the preceding values, by merely change 
ing the sign of e in each of those values ; this gives 

bn—c an+c 

To prove this rigorously, let us denote — c by ^| 

The equations then become j hn—d ^'^ ^^^ ^^^ differ 

firom those of the first enunciation by having e2 in the place of c. 
We would, therefore, necessarily find 

bn+d an^d 

And by substituting — c for d, we have 

bn+(-^c) an— (— c) 



5 y=- 



-'-- a+b '•='"" a+b 

or by applying the rules of Art. 85, 

^— c an+e 



""- a+b ' y^ a+b • 
The results, which agree to both enunciations, may be compre- 
hended in the same formula, by writing 

bnzhc anope 

*^ a+b ' ^"^ a+b • 
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The double sign db is read pltis or nanttSj the superior signs cor- 
respond to the case in which the labourer received, and the inferior 
signs to the case in which he owed a sum c. These formulas com- 
prehend the case in which, in a settlement between the labourer and 
his employer, their accounts balance. This supposes c=0, which 
gives 

hn an 

107. When a problem has been resolved generally, that is, by 
representing the given quantities by letters, it may be required to 
determine what the values of the unknown quantities become, when 
particular suppositions are made upon the given quantities. Tho 
determination of these values, and the interpretation of the peculiar 
results obtained, form what is called the discussion of the problem. 

The discussion of the following question presents nearly all the 
circumstances which are met with in problems of the first degree. 

108. Two couriers are travelling along the same right line and 
in the same direction from R' towards R. The number of miles 
travelled by one of them per hour is expressed by m, and the 
number of miles travelled by the other per hour, is expressed by n. 
Now, at a given time, say 12 o'clock, the distance between them is 
equal to a number of miles expressed by a : required the time when 
they will be together. 

r;^ A B R. 

At 12 o'clock suppose the forward courier to be at B, the other 
at A, and R to be the point at which they will be together. 
Then, AB=a, their distance apart at 12 o'clock. 
Let . • t= the number of hours which must elapse, before* 

they come together. 
And • 07= the distance BR, which is to be passed over by 

the forward courier. 
Then, since the rate per hour, multiplied by the number of hours 
will give the distance passed over by each, we have, 
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tXfi = a+a?=AR. 
tXn = X =BR. 

Hence by subtracting, i^m-^n) = a 

a 
Therefore, . . . <= . 

Now so long as m^n, t will be positive, and the problem will be 
solved in the arithmetical sense of the enunciation. For, if m'^n 
the courier from A will travel faster than the courier from B, and 
will therefore be continually gaining on him : the mterval which 
separates them will diminish more and more, until it becomes 0, and 
then the couriers will be found upon the same point of the line. 

In this case, the time t, which elapses, must be added to 12 o'clock, 
to obtain the time when they are together. 

But, if we suppose m<^rh then m—n will be negative, and the 
value of t will be negative. How is this result to be interpreted ? 

It is easily explained from the nature of the question, which, con- 
sidered in its most general sense, d^oaands the time when the 
couriers are together. 

Now, under the second supposition, the courier which is in ad- 
vance, travels the fastest, and therefore will continue to separate 
himself from the other courier. At 12 o'clock the distance between 
them was equal to a : after 12 o'clock it is greater than a, and as 
the rate of travel has not been changed, it follows that previous to 
12 o'clock the distance must have been less than a. At a certain 
hour, therefore, before 12 the distance between them must have been 
equal to nothing, or the couriers were together at some point R'. 
The precise hour is found by subtracting the value of i from 12 
o'clock. 

This example, therefore, conforms to the general principle, that, 
if the candiiions of a prohlem are such as to render the unkfunon 
quantity essentidUy negative^ it mU appear in the resuU teith the 
minus sigUy ichenever it has been regarded as positive in the enun* 
ciatian* 
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If we wish to find the distances AR,and BR passed over hy the 

two couriers before coming together, we may take the equation 

a 

HI— n 

and multiply both members by the rates of travel respectively : this 

will give 

tna 

AR= «tf = and 

i»— n 

BR= fK=- 



ma 
Also, • . AR'= —iitf= 

fid 
and . . BR'=— n<= 



m— n 

from which we see that the two distances AR, BR, will both be 
positive when estimated towards the right, and that AR', BR' will 
both be negative when estimated in the contrary direction. 

109. To explain the terms nothing and infinity, let us conside- 
the equation 

a 

If in this equation we make m^n^ then m— n=0, and the value 
of t will reduce to 

a 

In order to interpret this new result, let us go back to the enun- 
ciation, and it will be perceived that it is absolutely impossible to 
satisfy it for any finite value for t ; for whatever time we allow to 
the two couriers they can never come together, since being once se- 
parated by an interval a, and travelling equally fast, this interval 
will always be preserved. 

Hence, the result, — may be r^arded as a sign of mipossi* 
bility for any jimte value of t 
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Neverthelessi algebraists consider the result 

OS forming a species of value, to which they have given the name 
of infinite value, for this reason : 

When the difference m-^ny without being absolutely nothing, is 
supposed to be very small, the result 



tn—'n 
is very great. 
Take, for example, «t— n=0,01. 

Then <= — - — =77^= 100a ; 

m— n 0,01 

Again, take m—n=: 0,001, and we have 

a a 

= ^^^, = 1000a. 

m^n 0,001 

In short, if the difference between the rates is not zero, the cou- 
riers will come together at some point of the line, and the time will 
become greater and greater as this difference is diminished. 

Hence, if the difference between ike rates is less than any assigna- 
ble number, the time expressed by 

a a 

m— » 0' 
mil he greater than any assignable or finite number. Therefore, 
for brevity, we say when m— n=0, the result 

a 

becomes equal to infinity, which we designate by the character od. 
Again, as the value of a fraction increases as its numerator be- 

comes greater with reference to its denominator, the expression — , 

A being any finite number, is a proper symbol to represent an tn/i. 
fiUe quantity ; that is, a quantity greater than any assignable quan- 
tity. 
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A 

A quantity less than any given quantity may be expressed by — ; 

for a fraction diminishes as its denominator becomes greater with 
reference to its numerator. Hence, and — are synonymous 

30 

symbols, and so are — and qd . 

We have been thus particular in explaming these ideas of infini- 
ty, because there are some questions of such a nature, that infinity 
may be considered as the true answer to the enunciation. 

In the case, just considered, where m:=in it will be perceived that 
there is not, properly speaking, any solution mfimte and determinate 
numbers ; but the value of the unknown quantity is found to be 
infinite. 

110. If, in addition to the hypothesis mr=ini we suppose that a=0, 

we have 



To interpret this result, let us reconsider the enunciation, where 

it will be perceived, that if the two couriers travel equally fast, and 

are once at the same point, they ought always to be together, and 

consequently the required point is any point whatever of the line 


travelled over. Therefore, the expression — is in this case, the 

symbol of an indeterminate quantity. 

If the couriers do not travel equally fast, that is, if m>, or ff»<n, 
and a=0, then will <=0. 

Indeed, it is evident, that if the couriers travel at different rates, 
and are together at 12 o'clock, they can never be together after- 
wards. 

The preceding suppositions are the only ones that lead to remark- 
able results ; and they are sufiicient to show to beginners the man* 
ner m which the results of algebra answer to all the circumstances 
of the enunciation of a problem. 
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111. We will add another example to show, that the expression 



•jr- expresses, generally, an indeterminate quantity. 

1— a? 
Take the expression, . . — = . 

1— JB 

Now, if we perform the division the quotient will be 1 ; and if we 
make a?=l, there will result 

l^so" ~^- 

1— «* 
Let us next take the expression 



l^aj • 

If we perform the division, the quotient will be l+x; then 
making a;=l, the expression becomes 

l-«» 

-=—=2. 



1— « 



1— «* 

In like manner • -z =-—=3 when «=!• 

1— a? 

l-a^ 
and . i . . -y-- — =— =n when xzsh (See Art. 59). 

all of which goes to show that — is the symbol of an indetermi. 
nate quantity. 

112. We will add another example showmg the value of the ex. 

pressions — and — • 

Take the equation a«=3, involving one unknown quantity, whence 

""a * 

1st. If, for a particular supposition made with reference to the 
given quantities of the question, we have a=0, there results 
b 

Now in this case the equation becomes Ox«=^f cmci evidently 
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cannot be satisfied by any finite value of x. We will however remark 

h 

that, as the equation can be put under the form — =0, if we sub- 

X 

stitute for X, numbers greater and greater, — will differ leas and 

X 

less from 0, and the equation will become more and more exact ; so 

h 

that, we may take a value for x so great that — will be less than 

X 

h 
any assignable quantity, or — =0. • 

00 

It is in consequence of this that algebraists say, that infinity satis- 
fies the equation in this case ; and there are some questions for 
which this kind of result forms a true solution ; at least, it is certain 
that the equation does not admit of a solution infinite numbers, and 
this is all that we wish to prove. 

2d. If we have a=0, 3=0, at the same time, the value of x 


takes the form iP=-?r« 

* 

In this case, the equation becomes 0x^=0, and every finite nwn- 

hevj positive or negative, substituted for a;, will satisfy the equation. 

Therefore the equation^ or the j^oblem of wMch it is the algebraic 

translation^ is indeterminate. 


113. It should be observed, that the expression — , does not aU 

ways indicate an indetermination, it frequently indicates onljthe exisU 
ence of a common factor to the two terms of the fraction, which fac. 
tor becomes nothing, in consequence of a particular hypothesis. 
For example, suppose that we find for the solution of a problem, 

«^=~li — IT- If> in this formula, a is made equal to h, there results 


x=-. 

But it will be observed, that a'—^ can be put under the form 
(a— 3) {a»+a*+i»), (Art. 59), and that a*— ^'is equal to {a^b) 
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(a -l-i), therefore the value of x becomes 

''~ (a^b) {a+b) ' 

Now, if we suppress the common factor {a—b), before making 

a*+ab+l^ 
the supposition q=3, the value of x becomes a?= ■j-t*> , 

8q« 8q 

which reduces to «=-x — • or a?=-r-> when a=b. 
2a \ 2 

For another exEunple, take the expression 

(q-3)a-(q-_^)(a-^)- 


Making q=J, we find a?=-jr> because the factor (q— J) is com- 
mon to the two terms ; but if we first suppress this factor, there re- 

a+b . 2a 

suits «= r» which reduces to a;=-r-i when a=^b. 

a — U 



From this we conclude, that the symbol — sometimes indicates 

the existence of a common factor to the tieo terms of the fraction 

which reduces to this form. Therefore, before pronouncing upon 

the true value of the fraction, it is necessary to ascertain whether 

the two terms do not contain a common factor. If they do not, we 

conclude that the equation is really indeterminate. If they do con. 

tain one, suppress it, and then make the particular hypothesis ; this 

will give the true value of the fraction, which will assume one of 

-4^0.. 
the three forms •=-, -77-, — , in which case, the equation is determi^ 
IS V 

nate, impossible in finite numbers, or indeterminate* 

This observation is very useful in the discussion of problems. 

Of Inequalities, 

114. In the discussion of problems, we have oflen occasion to 
suppose several inequalities^ and to perform transformations upon 
them, analogous to those executed upon equalities. We are often 
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obliged to do this, when, in discussing a problemi we wish to esta. 
blish the necessary relations between the given quantities, in order 
that the problem may be susceptible of a direct, or at least a real 
solution, and to fix, with the aid of these relations, the limits between 
which the particular values of certain given quantities must be 
found, in order that the enunciation may fulfil a particular condition. 
Now, although the principles established for equations are in general 
applicable to inequalities, there are nevertheless some exceptions, of 
which it is necessary to speak, in order to put the beginner upon his 
guard against some errors that he might commit, in making use of 
the sign of inequality. These exceptions arise from the introduction 
of negative expressions into the calculus, as quantities. 

In order that wef'may be clearly understood, we will take exam- 
ples of the different transformations that inequalities may be subject- 
ed to, taking care to pobt out the exceptions to which these trans- 
formations are liable. 

115. Two inequalities are said to subsist in the same sense, when 
the greater quantity stands at the left in both, or at the right in^ 
both ; and in a contrary sense, when the greater quantity stands at 
the right in one, and at the left in the other. 

Thus, 25>20 and 18>10, or 6<8 and 7<9, 
are inequalities which subsist in the same sense ; and the inequalities 
15>13 and 12<14, subsist in a contrary sense. 

1, If we add the same quantity to loth members of an inequaUiy^ 
or subtract ike sam^ quantity from both memhers^ the resulting in- 
equality wUl subsist in the same sense. 

Thus, take 8>6 ; by adding 5, we still have 8+5>6+5 
and 8— 5>6— 5. 

When the two members of an equality are both negative, that 
one is the least, algebraically considered, which contains the great- 
est number of units. Thus, --25<— 20 ; and if 80 be added to 
both members, we have 5<10. This must be understood entirely 
in an algebraic sense, and arises from the convention before esta- 
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blished, to consider all quantities preceded by the minus sign, as 
subtractive. 

The principle first enunciated, serves to transpose certain terms 
from one member of the inequality to the other. Take, for ex- 
ample, the inequality a*+i*>3i*--2a* ; there will result from it 
a»+2a*>3*«-.^, or 8a^>2R 

2. If two inequaUHes subsist in the same sense, and we add them 
member to member, the resulting inequality vM also subsist in the same 
sense. 

Thus, from a>^, c>rf, e>/, there results a+c+e>i+d+/. 

But this is not always the case, when we subtract, member from mem- 
her, two inequalities established in the same sense. 

Let there be the two inequalities 4<7 and 2<3, we have 
4-2 or 2<7-.8 or 4. 

But if we have the inequalities 9<10 and 6<8, by subtracting 
we have 9—6 or 3>10— 8 or 2. 

We should then avoid this transformation as much as possible, or 
if we employ it, determine in what sense the resulting mequality 
exists. 

3. If the two menders of an inequality be mvMplied by a positive 
number, the resulting inequality will exist in the same sense. 

Thus, from a<5, we deduce 3a<33; and from — a<— J, 

— 3a<— 3*. 

This principle serves to make the denominators disappear. 

a"-i« c'-d^ 
From the inequality — ^ — > — r- — , we deduce, by multiply. 

ing by 6ad, 

3a(a»-*»)>2d(c«-(P). 

The same principle is true for division. 

But when the two members of an inequality are mutdpUed or du 
vided by a negative number, the inequality subsists in a contrary 
sense. 

Take, for example, 8>7; multiplying by —8, we have 
-24<-2L 
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8 8 7 

In like maimer^ 8>7 gives — ^, or — sr< — sr- 

— o o o 

Therefore, when the two members of an inequality are multipli- 

ed or divided by a number expressed algebraically, it is necessary 

to ascertain whether the muUtplier or divisor is negative ; for, in 

that case, the inequality would exist in a contrary sense. 

4. It is not permitted to change the signs of the two members of an 
inequality unless we establish the resulting inequality in a contrary 
sense ; for this transformation is evidently the same as multiplying 
the two members by —l. 

5. Both members of an inequality between positive numbers can be 
squared^ and the inequality will const in the same sense. 

Thus from 5>3, we deduce 25>9; from a+^>c, we find 
{a+by>c^. 

6. When both members of the inequality are not positive, we cannot 
teU before the operation is performed, in which sense the resulting tn* 
equality will exist. 

For example, — 2<3 gives (—2)" or 4<9; but — 8>— 5 
gives, on the contrary, (—3)* or 9<(— 5)" or 25. 

We must then, before squaring, ascertain whether the two mem. 
bers can be considered as positive numbers. 

EXAMPI^B. 

1. Find the limit of the value of a^ in the expression 

5a?— 6>19. Ans. aj>5. 

2. Find the limit of the value of a^ in the expression 

14 
8a?+— ar--30>10 Ans. aj>4. 

8. Find the limit of the value of a; in the expression 
1 I a? 13 17 

4. Find the limit of the value of a; in the inequalities 
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ax c? 

5. The double of a number diminished by 5 is greater than 25, 
and triple the number dimmished by 7» is less than double the num- 
ber increased by 13. Required a number which shall satisfy the 
conditions. 

By the question, we have 

2a?-6>25. 
8a:-7<2a?+13. 

Resolving these inequalities, we have «>15 and a; < 20. Any 
number, therefore, either entire or fractional, comprised between 15 
and 20, will satisfy the conditions. 

6. A boy being asked how many apples he had in his basket, re- 
plied, that the sum of 8 times the number plus half the number, di- 
minished by 5 is greater than 16 ; and twice the number diminished 
by one third of the number, plus 2 is less than 22. Required the 
number which he had. 

Ans. 7, 8, 9, 10, or 11. 



CHAPTER III. 

Extraction of the Square Root of Numbers. Forma-' 
tion of the Square and Extraction of the Square 
Root of Algebraic Quantities. Calculus of Radi- 
cals of the Second Degree^ Equations of the Se- 
cond Degree. 

116. The squLane or second power of a number, is the product 
which arises from multiplying that number by itself once : for ex. 
ample, 49 is the square of 7, and 144 is the square of 12. 
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The square root of a number is a second number of such a value, 
that, when multiphed by itself once the product is fiqual to the given 
number.. Thus, 7 is the square root of 49, and 12 the square root 
of 144: for7xT=49, and 12x12=144. 

The square of a number, either entire or fractional, is easily 
£>und, being always obtained by multiplying this number by itself 
once. The extraction of the square root of a number, is however, 
attended with some difficulty, and requires particular explanation. 

The first ten numbers are, 

1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 
and their squares, 

1, 4, 9, 16, 25, 36, 49, 64, 81, 100. 
and reciprocally, the numbers of the first line are the square roots 
of the corresponding numbers of the second. We may also remark 
that, the square of a number expressed by a single figure^ vnll contain 
no figure of a higher denomination Hum tens. 

The numbers of the last line 1, 4, 9, 16, &c., and all other num. 
bers which can be produced by the multiplication of a number by 
itself, are called perfect squares. 

It is obvious, that there are but nine perfect squares among all the 
numbers which can be expressed by one or two figures : the 
square roots of all other numbers expressed by one or two figures 
will be found between two whole numbers differing from each other 
by unity. Thus, 55 which is comprised between 49 and 64, has for 
its square root a number between 7 and 8. Also, 91 which is 
comprised between 81 and 100, has for its square root a number 
between 9 and 10. 

Every number may be regarded as made up of a certain number 
of tens and a certain number of units. Thus 64 is ^made up of 6 
tens and 4 units, and may be expressed under the form 60+4=^4. 

Now, if we represent the tens by a and the units by ^, we shall 
have a+h = 64 

and (a+ft)«=(64)«, 

or . a«+2a*+5» =4096. 
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Which proves that the square of a number composed of tens and 
units contains, the squareof the tens plus twice the product ofthetens 
by the units, plus the square of the units, 

117. If now, we make the units 1, 2, 3, 4, &c., tens, by annex- 
ing to each figure a cipher, we shall have, 

10, 20, 30, 40, 50, 60, 70, 80, 90, 100 
and for their squares, 

100, 400, 900, 1600, 2500, 3600, 4900, 6400, 8100, 10000. 

from which we see that the square of one ten is 100, the square of 
two tens 400 ; and generally, that the square of tens wUI contain no 
Jigure of a less denomination than hundreds, nor of a higher name 
than thousands. 

ExAHFLB I. — To extract the square root of 6084. 

Since this number is composed of more than two 
places of figures its roots will contain more than one. 60.84 

But since it is less than 10000, which is the square 
of 100, the root will contain but two figures : that is, units and tens. 

Now, the square of the tens must be found in the two lefl hand 
figures which we will separate from the other two by a point. 
These parts, of two figures each, are called periods. The part 60 
is comprised between the two squares 49 and 64, of which the roots 
are 7 and 8 : hence, 1 is the figure of the tens sought ; and the re. 
quired root is composed of 7 tens and a certain number of units. 

The figjjire 7 being found, we 
write it on the right of the given 60.8i | 78 

number, from which we separate it 49 

bya vertical line : then we subtract • 7x2=14.8 j 118.4 
its square 49 from 60, which leaves I 118 4 

a remamder of 11, to which we 

bring down the two next figures 84. 

The result of this operation 1184, contains Imce the product of the 
tens by the units plus the square of the units. ^But since tens multi. 
plied by units cannot give a product of a less name than tens, it fol. 
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lows that the last figure 4 can form no part of the double product of 
the tens by the units : this double product is therefore found in the 
part 118, which we separate from the units' place 4 by a point. 

Now if we double the tens, which gives 14, and then divide 118 
by 14, the quotient 81 w the figure of the unitSy or a figure greater 
than the units. This quotient figure can never be too small, sinco 
the part 118 will be at least equal to twice the product of the tens 
by the units : but it may be too large ; for the 118 besides the dou- 
ble product of the tens by the units, may likewise contain tens aris- 
ing from the square of the units. To ascertain if the quotient 8 
expresses the units, we write the 8 to the right of the 14, which gives 
148, and then we multiply 148 by 8. Thus, we evidently form, 
1st, the square of the units : and 2d, the double product of the tens 
by the units. This multiplication bemg effected, gives for a product 
1184, a number equal to the result of the first operation. Having 
subtracted the product, we find the remainder equal to : hence 78 
is the root required. 

Indeed, in the operations, we have merely subtracted from the 
given number 6084, Isty the square of 7 tens or 70 ; 2d, twice the 
product of 70 by 8 ; and 3d, the square of 8 : that is, the three 
•parts which enter into the composition of the square of 70+8 or 
78 ; and smce the result of the subtraction is 0, it follows that 78 
is the square root of 6084. 

Ex. 2. To extract the square root of 841. 

We first separate the number into 
oeriods, as in the last example. In the 8.41 I 20 

second period, which contains the square 4 | 

of the tens, there is but one figure. The 2 X 2= 4. 9 I 44.1 

greatest square contained in 8 is 4, the I 44 1 

root of which is 2 : hence 2 is the fi- 

gure of the tens in the required root. 

Subtracting its square. 4 from 8, and bringing down 41, we obtain 
for a result 441. 
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If now, as in the last example, we separate the last figure 1 fi-om 
the others by a point, and divide 44 by 4, which is double the tens, 
the quotient figure will be the units, or a figure greater than the 
units. Here the quotient is 11 ; but it is plain that it ought not to 
exceed 9, for if it could, the figure of the tens already found would 
be too small. Let us then try 9. Placing 9 in the root, and also 
on the right of the 4, and multiplying 49 by 9, we obtain for a pro- 
duct 441 : hence, 29 is the square root of 841. 

Remabk. The quotient figure 11, first found, was too large be- 
cause the dividend 44 contained, besides the double product of the 
tens by the units, 8 tens arising from the square of the units. When 
the dividend is considerably augmented, by tens arising from the 
square of the units, the quotient figure will be too large. 

Ex. 3. To extract the square root of 431649. 

Since the given number exceeds 10,000 its root will be greater 
than 100 ; that is, it will contain more than two places of figures. 
But we may still regard the root as composed of tens and units, for 
every number may be expressed in tens and units. For example, 
the number 6758 is equal to 675 tens and 8 units, equal to 6750+8. 

Now, we know that the square of the tens of the required root 
can make no part of the two right 

hand figures 49, which therefore, we 43.16.49 I 657 

separate from the others by a point, 36 | 

cmd the remaining figures 4316 con- 12.5 

tain the square of the tens of the re- 6 

quired root. But since 4316 exceeds 130.7 i 9 14.9 

100 the tens of the required root will I 9 14 9 

contain more than one figure : hence 

4316 must be separated into two 

parts, of which the right hand period 16 will contaui no part of the 
square of that figure of the root, which is of the highest name, and 
for a similar reason we should separate again if the part to the left 
contained more than two figures. 



71.6 
62 5 
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Smce 86 is the greatest squalre contained iii 43, the first figure of 
the root is 6. We then subtract its square 36 from 43, and to the 
remainder 7 brin^ down the next period 16. Now, since the last 
figure 6 of the result 716, contains no part of the double product of 
the first figure of the tens by the second, it follows, that the second 
figure of the root will be obtained by dividing 71 by 12,double the 
first figure of the tens. This gives 5 for a quotient, which we place 
in the root, and at the right of the divisor 12. Then subtract the 
product of 125 by 5 from 716, and to the remainder bring down the 
next period, and the result 9140 will contain ttoiee Ihe product of the 
tens oftke root mvUipUed h^ the unUSf phis the square of the units. 
If this result be then divided by twice 65, that is, by double the tens 
of the root, (which may always be found by adding the last figure 
of the divisor to itself), the quotient will be the units of the root. 

Hence, for the extraction of the square root of numbers, we have 
the following 

RULE. 

I. Separate the given nimber into periods of two figures each be- 
ginning at Ihe right hand,^^he period on the left wiU often contain hut 
one figure, 

II. Find the greatest square in the first period on the left, and place 
its root on the right after the manner of a quotient in division. Sub- 
tract the square of the root from the first period, and to ihe remainder 
bring dawn the second period for a dividend, 

III. Double the root already found and place it on the left for a di- 
visor. Seek how many Umes the divisor is contained in the dividend, 
excbisioe of ihe right hand figure, and place the figure in the root and 
also at ihe right of ihe divisor, 

IV. Multiply the divisor, thus augmented, by the last figure of the 
root, and subtract the product from ihe dividend, and to ihe remainder 
bring down ihe next period for a new dividend. 

v. Double the whole root already found, for a new divisor, and 

continue the operation as before, untU dU ihe periods are brought down* 
8 
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1st. Rbhahk. If, after all the periods are brought down, there is 
no remainder, the proposed number is a perfect square. But if 
there is a remainder, you have only found the root of the greatest 
perfect square contained in the given number, or the entire part of 
the root sought. 

For example, if it were required to extract the square root of 665, 
we should find 25 for the entire part of the root and a remainder of 
40, which shows that 665 is not a perfect square. But is the square 
of 25 the greatest perfect square contained in 665 ? that is, is 25 the 
entire part of the root ? To prove this, we will first show that, the 
difference between the squares of two consecutive numbers^ is equal to 
twice the less number augmented by unity. 

Let • . • a =: the less number, 

and . • . a+1 = the greater. 
Then . . (a+l)"=a"+2a+l 

and . . . (a)*a=a" 
Their difference is • • = 2a+l as enunciated. 

Hence, the entire part of the root cannot be augmented, unless 
the remainder exceed twice the root found, plus unity. 

But25x2+l«=51>40 the remainder : therefore, 25 is the en. 
tire part of the root. 

2d. Remark. The number of figures in the root will always be 
equal to the number of periods into which the given number is 
separated. 

EXAMPLES. 

1. To find the square root of 7225. 

2. To find the square root of 17680. 

3. To find the square root of 004000. 

4. To find the square root of 85678073. 

5. To find the square root of 67812675. 

118. The square root of a number which is not a perfect square, 
is called incommensurdble or irrational^ because its exact root can- 
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not be found in terms of the numerical unit. Thus, V^ Vh^ 

VtT are incommensurable numbers. They are also sometimes 
called mrd9n . 

In order to prove that the root of an imperfect power cannot be 
expressed by exact parts of unity, we must first show that, 

Enery num^ P, v>lw^ wiU exactly divide ike product A xB ^ftra 
numbers^ and which it prime toUh one of (Aem, tnU divide the other. 

Let us suppose that P will not divide A, and that A is greater 
than P. Apply to A and P the process for findbg the greatest com. 
mon divisor, and designate the quotients which arise by Q, Q', Q" . • . 
and the remainders R, R', R" • • . respectively. If the division be 
continued sufficiently far, we shall obtain a remainder equal to unity, 
for the remainder cannot be 0, since by hypothesis A and P are prime 
with each other. Hence we shall have the following equations. 

A =P Q +R 
P =R Q' +R' 
R=:R'Q"+R" 
R'=:R"Q'"+R"' 



Multiplying the first of these equations by B, and dividing by P, 

we have 

AB „^ BR 
-^=BQ+-^. 

But, by hypothesis, —^ is an entire number, and since B and 

Q are entire numbers, the product BQ is an entire number. Hence 

BR 

it follows that -p- is an entire number. 

If we multiply the second of the above equations by B, and 
divide by P, we have 

BRQ' BR' 
B= — 5 1 — 5— • 
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BR 
But we have already shown that —5— is an entire number ; 

^RQ' . ^ m,_. . . ,. BR' 

hence — = — is an entire number* This bemg the case, -p- 

must ailso be an entire number. If the operation be continued until 

Bxl 
the number which multiplies B becomes 1^ we i^all have — p-*- 

equal to an ^tire number^ which proves that P will divide B. 

In the operations above we have supposed A>P, but if P> A we 
should first divide P by A. 

Hence, if a number P wUl exactly divide the prodiuct of two nam* 
berSf and is prime mth one of ihem^ it iviU divide the other. 

We will now show that the root of an imperfect power cannot be 
expres9Qd by a fractional number 

Let c be an imperfect square. Then if its exact root can be ex- 
pressed by a fractional number, we shall have 

a 



re _, j. 

or • . • « c =p-j^ by squaring both members. 

But if c is n<n a perfect power, its root will not be a whole num. 

a 
ber, hence -r- will at least be an irreducible fraction, or a. and b 

will be prime to each other. But if a is not divisible by 3, axa or 
a" will not be divisible by i, from what has been shown above ; 
neither then can a' be divisible by ^. Since to divide by 5^ is but 

to divide o" twice by b» Hence, ^ is an irreducible fraction^ 

and therefore cannot be equal tp the entire number c : therefore, we 

. a 

cannot assume v c=-t-, or the root of an imperfect power can- 
not be expressed by a fractional number that is rational. 
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Extraction of the square root of Fractions, 

119. Since the square or aecond power of a fraction is obtained 
hf squaring the numerator and denominatoor sepsratefyv it folldws 
that the square root of a fraction will be equal to the square root 
of the numerator divided by the square root of the denominator. 

0^ a 

For example, the square root of r^ is equal to -j- : for 

« a __o* 

But if neither the numerator nor the denmninator is a perfect 
square, the root of the fraction cannot be exactly found. We can 
however, eai^y find the exact root io within less than one of the 
equal parts of the fraction. 

To efibct this, tmtt^ly both terms of thefnuMion hg the denondtuu 
tor J to^zcA makes the denominator a perfect square without altering the 
value of the fraction. Then extract the square root of the perfect 
square nearest the value of the numerator, and place the root of the 
denominator under it; this fraction wiU he the approximate root. 

Thus, if it be required to extract the square root of -—, we mul- 

5 

15 

tiply both terms by 5, which gives — : the square nearest 15 is 



25' 

ia tliA rA/iiiiiwI i»n 



4 

16 : hence f^ is the required root, and is exact to within less 

than — 

120. We may, by a similar method, determine approximatively 
the roots of whole numbers which are not perfect squares. Let it 
be required, for example, to determine the square root of an entire 

number o^ nearer than the fraction '-^ : that is to say, to find a 
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number which shall differ from the exact root of a, by a quantity 

less than — • 
n 

It may be observed that ass—jj— . If we designate by r the 

entire part of the root of an'f the number utiF will then be compris- 

ed between f* and {r+Vf; and — j— will be c(Mnprised between 

-r- and -^ — 5-^ ; and consequently the true root of a is com- 
II II 

r" (r+iy 

prised between the root of ^ and -^ — j-^ ; that is, between 

— and . Hence — will represent the aqaare root of a 

within less than the fraction — • Hence to obtain the root : 

n 

MuUiply the given number hy the square of the denominator of the 
fraction which determines the degree of approximation .* then extract 
the square root of the product to the nearest unit, and divide thisroot 
ly the denominator of the fraction. 

Suppose^ for example, it were required to extract the square root 

of 59, to within less than — . 

Let us repeat on this example, the demonstration which has just 

been made. 

69x(12)* 
The number 59 can be put under the form — . .^ • or by 

8496 
multipliying by (12)*, 7----. But the root of 8496 to the near- 

8496 

est unit, is 92 : hence it follows that yz^^ or 59, is comprised be* 

(92)» (98)« 

tween 775^ and 7^—5. Then, the square root of 59 is itself 
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92 93 

oomprised between — and — : that is to say, the true root 

92 1 

difiers from — by a fraction less than — . 

, , , , ^ 92 93 8464 ' 8649 

Indeed the squares of — and — are 7^7775 and 77^, num- 
1« xZ K^'^) \^^) 

8496 
bera which comprise , or 59. 

(12) 

2. To find the VlT to within less than — . 

10 

3. To find the '/223 to within less than — . 

40 

37 

Ant. 1477;. 

40 

121« The manner of determining the approximate root in ded- 

mais, is a consequence of the preceding rule. 

To obtam the square root of an entire number within — , -7^, 

rgjrg, &c. — ^it is necessary according to the preceding rule to mul. 

tiply the proposed number by (10)*, (100)*, (1000)" • . . or, which 
is the same thing, add to the right of the number^ two^fcwr^ nxy ^c 
ciphers : then extract the root of the product to the nearest unitj and 
divide this root by 10, 100, 1000, &c., which is effected by pointing cff 
one^ twOf three^ 4*^., decinud places from the right hand. 

Example 1. To extract the s<quare root of 7 to within 

Having added four ciphers to the 
right hand of 7, it becomes 70000, 
whose root extracted to the nearest 
unit is 264, which bemg divided by 
100 gives 2,64 for the answer, which 

Utrue to within le«tl«m -jL-. 



i to 1 


iriinm - 


100* 




7.00.00 1 2,64 




4 


1 


46 

1 


300 
276 




524 


2400 
2096 






804 


Rem 
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2. Find the VSS to within -j^. 



Afu. 5,88. 



3. Find the V227 to within 



10000 

Ans. 15,0665. 
Rbmask. The number of ciphers to be annexed to the whole 
number, is always double the number of decimal places required to 
be found in the root. 

122. The manner of extracting the square root of decimal frac- 
tions is deduced inunediately from the preceding article. 

Let us take for example the number 3,425. This fraction Is 

3425 
equivalent to . Now 1000 is not a perfect square, but the 

denominator may be made such without altering the value of the 

^250 

fraction, by multiplying both the terms by 10 ; this gives - ^^^ - 

84250 _, 
or . - .a * Then extractmg the square root of 34250 to the 

185 

nearest unit, we find 185 ; hence or 1,85 is the required 

root to within trjrr. 

If greater exactness be required, it will be necessary to add lo 
the number 3,4250 so many ciphers as shall make the periods of 
decimals equal to the number of decimal places to be found in the 
root. Hence, to extract the square ropt of a decimal fraction : 

Annev ciphers to the proposed number untH the decimal places shall 
he ewn, and equal to double the number of places required in the rooL 
Then extract the root to the nearest umf, and point of from the right 
hand the required number of decimal places. 

Ex. 1. Find the V 3271,4707 to within ,01. 

Ans. 57,19u 
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2. Find the V 81,027 to within ,01. 

An$. 5,57. 

3. Find the V0,01001 to within ,00001. 

Ans. 0,10004. 

128. Finally, if it he required to find the square root of a. vulgar 
fraction in tenns of decimals : Change the rndgarfractum into a de- 
dmdland continue ihe division untU the number rf decinud places is 
double the number of places required in the root. Then extraa the 
root of the decimal by the last rule. 

Ex. 1. Extract the square root of rr *® within ,001. Tliis 

number, reduced to decimals, is 0,785714 to within 0,000001 ; 
but the root of 0,785714 to the nearest unit, is ,886 : hence 0,886 is 

the root of t-t to within ,001. 
14 



?. Find the V 2 — to within 0,0001. 



Ans. 1,6931. 



Extraction of the Square Root of Algebraic Quantities. 

124. We will first consider the case of a monomial ; and in order 
to discover the process, see how the square of the monomial is 
formed. 

By the rule for the multiplication of monomials (Art. 41.), we 
have 

(5a*i'c)»=:5a«A»cx5a^ft^c=25a*i«.c« ; 

that is, in order to square a monomial, it is necessary to square its 
cO'^kientj and double each of the exponents of the different letters. 
Hence, to find the root of the square of a monomial, it is necessary, 
Ist. To extract the square root of the co-^kient. 2d. To take the 
half of each of the expoMnts. 

Thus, 'v/64a*^=8a»}^; for 8a'^x8af»^=a4a«**. 
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In like manner, 

-/626a»^c»=25a5V, for (25a5V)*=625a«5»A 

From the preceding rule, it follows, that, when a monomial is a 
perfect square, its numerical co-^kient is a petfect square, and aU 
its expenenU even numbers. Thus, 25a*^ is a perfect square, but 
98a^^ is not a perfect square, because 98 is not a perfect square, and 
a is affected with an uneven exponent. 

In the latter case, the quantity is introduced into the calculus by' 

affecting it with the sign V , and it is written thus, V98a3*. 
Quantities of this kind are called radical quantities, or irrational 
quantities, or simply radicals of the second degree. 

125. These expressions may sometimes be simplified, upon the 
principle that, the square root of the product of two or more factors is 
equal to theproduct of the square roots of these factors; or, in alge- 
braic language, Vabcd . . . = y/a. y/h. y/c. y/d. . . . 

To demonstrate this principle, we will observe, that from the de- 
finition of the square root, we have 

( Vahcd. . . .y=zdbcd .... 
Again, 
( Vax VhX y/cx Vd . . )«=( Va^Xi Vl^yx{y/cyx{Vd)' . . . 
=zdbcd .... 

Hence, since the squares of Vabcd . . . ., and, 

y/a. y/b. y/c. y/d. . . ., are equal, the quantities themselves are 
equal. 

This being the case, the above expression, VOSoi*, can be put 

under the form '/49J*x2a= V^&^X V2a. Now '/49M may 

, be reduced to W ; hence '/98a**=7i* V2a. 
In like manner, 

VA&c^lPc'd^ v'9^P»?x5W=8aJc VUd^ 

•v/864aW»= Vi44aW^<6Sj=12a5»c» VUcT 

The quantity which stands without the radical sign is called the 
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co^effkient of the radical. Thus, in the expressions WV^ 

^dbc VUd^ l^aJ^c? V 63c, the quantities 7^, 3a5c, 12a^c*, are 
called co-efficients of the radicals. 

In general, to simplify an irrational monomial, separate it into 
twopartSy of which one shall contain all the factors thai are perfect 
squares^ and the other the remaining ones : then take the roots of the 
perfect squares and place them before the radical sign^ under uMch^ 
leave those factors which are not perfect squares. 

EXAMPLES. 

1. To reduce Vl6c^hc to its simplest form. 

2. To reduce V'l28dV^ to its simplest form. 

8. To reduce Vd2^Fc to its simplest form. 

4. To reduce V256a'A*c' to its simplest form. 

6. To reduce Vl024a"3V to its simplest form. 

6. To reduce Vl28aWcf^d to its simplest form. 

126. Since like signs in both the factors give a plus sign m the 
product, the square of —a, as well as that of +ay will be a* : 
hence the root of a' is either +a or —a. Also, the square root 
of 25a*^ is either +6al^ or --5ai*. Whence we may conclude, 
that if a monomial is positive, its square root may be affected either 

with the sign + or — ; thus, V9«*=±3a", for +3a* or --3a*, 
squared, gives 9a^. The double sign ± with which the root is 
affected is read phis or minus. 

If the proposed' monomial were negative^ it would be impossible 
to extract its root, since it has just been shown that the square of 
every quantity, whether positive or negative, is essentially positive. 

Therefore, V—Q, V--4a*, V—So**, are algebraic symbols 
which indicate operations that cannot be performed. They are 
called imaginary quantiHes, or rather imaginary expressions, and are 
frequently met with in the resolution of equations of the second 
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degree. These symbols cai^ however, by extending the rules, be 
simplified in the same manner as those irrational expressions which 

indicate operations that cannot be performed. Thus, v — 9 may be 
reduced to (Art, 125.) 

V^ V^ror^a V^^ -v/^^^lrf'rr V4a»X V-l=2a V^ 

VSc^h^i V4a«x-2*=2a '/-23=2a V^X V-l. 

127. Let us now examine the law of formation for the square of 
any pol3momia] whatever ; for, from this law, a rule is to be de- 
duced for extracting the square root. 

It has already been shown that the square of a binomial (a+h) 
is equal to a^+2ah+}^ (Art. 46.). 

Now to form the square of a trin<»nial a+h-^c^ da^yte a+h by 
the single letter «, and we have 

(a+3+c)«=(*+^)»=«*+2#c+c". 

But *«=:(a+i)*=a«+2ai+i« ; and 2*c=2(ii+J)c=2ac+2*c. 

Hence (a+3+c)^=;a*+2a3+^+2ac+2*c+c* ; 

that is, tlie square of a trinomial is composed of ike sum of the squares 
of its three terms, and twice the products of these terms multiplied 
together two and two. 

If we take a polynomial of four or more terms, and square it, we 
shall find the same law offormaUon. We may, therefore, suppose 
the law to be proved for the square of a poljoiomial of m terms ; 
and it then only remains to be shown that it will be true for a poly, 
nomial of nt+l terms. 

Take the polynomial (a+3+c . . . +0» leaving m terms, and 
denote their sum by si then the polynomial {a+h+c ... +i+k) 
having m+1 terms, will be denoted by {s+k). 

Now, («+A:)*=<*+2**+A:*, or by substituting for *. 
{s+1cf:={a+h+c . . . +£)«+2(a+i+c . . .+t )!:+**. 
But by hypothesis, the first part of this expression is composed 
of the squares of aU ike Urms of the frst polynomial and the double 
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products of these terms taken two and two ; the second part contains 
the double products of all the terms of (he first polynomial by the 
additional term k ; and the third part is the square of this term. 
Therefore, the law of composition^ announced above, is true for the 
new polynomial. But it haa been proved to be true for a trinomial ; 
hence it is true for a polynomial containing four terms ; being true 
for/otir, it is necessarily true for^cc, and so on. Therefore it is 
general. This law can be enunciated in another manner : viz. 

The square of any pdynomidl contains the square of the first terroj 
plus twice the product of the first by the second^ plus the square of the 
second ; plus twice the product of the first two terms by the third, plus 
the square of the third; plus twice the product of the first three terms 
by the fourth, plus the square of the fourth ; and so on. 

This enunciation which is evidently comprehended in the first, 
shows more clearly the process for extracting the square root of a 
polynomial. 

From this law, 

{a+h+cy=z(f+2ab+V^+2{a+h)c+<^ 
(a+b+c+df=ia^+2ab+l^+2{a+b)e+€^+2{a+h+c)d+cP. 

128. We will now proceed to extract the square root of a poly- 
nomial. 

Let the proposed polynomial be designated by N, and its root, 
which we will suppose is determined, by R ; conceive, also, that 
these two pol3momials are arranged with reference to one of the 
letters which they contain, a, for example. 

Now it is plain that the^ first term of the root R may be found by 
extracting the root of the first term of the pol3momial N ; and that 
the second term of the root may be found by dividing the second 
term of the polynomial N, by twice the first term of the root R. 

If now we form the square of the binomial thus found, and sub* 
tract it from N, the first term of the remainder will be tMrice the 
product of the that term of R by the third term : hence, if this first 
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terai be divided by double the fiist term of R, the quotient will be 
the third term of R. 

In order to obtain the fourth term of R, form the double products 
of the first and seccnd terms, by the third, plus the square of the 
thu*d ; then subtract all these products from the remainder before 
found, and the first term of the result will be twice the product of 
the first term of the root by the 4th : hence, if it be divided by 
double the first term, the quotient will be the fourth term. In the 
same manner the next and subsequent terms may be found. Hence, 
for the extraction of the square root of a polynomial we have the 
following 

RULE. 

I. Arrange the pohfnonddl with reference to one cf its Utters and 
estrnct the square root of the first term : this toiU give the first term 
of the root. 

II. Divide the second term of the pclynomial hy douMe the first 
term of the root^ and the quotient wiU he the second term of the root. 

III. Then form the square of the two terms of the root founds and 
subtract it from the first polynomud^ and then divide the first term of 
the remainder hy double the first term of the root^ and the quotient 
will he l^e third term. 

IV. Form the douUe products of thefi^rst and second termsy by the 
(hirdf plus the square of the third ; then subtract aU these products 
from the last remainder^ and divide the first term of the resuU hy dou- 
ble the first term of the root, and the quotient wiU be the fourth term. 
Then proceed in the same manner to find the other terms, 

EXAMPLES. 

1. Extract the square root of the polynomial 

49a»^-24a55+25a*-80a?J+16M. 
First arrange it with reference to the letter a. 
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10a» 



40a«&«-24a53+163* Ist. Rem. 
40a«y-.24ay+16y 

... 2d. Rem. 

After having arranged the pol3momial with reference to Of extract 
the square root of 25a^y this gives So*, which is placed to the right 
of the polynomial ; then divide the second term, --30a?3, hy the 
double of 50*, or lOo*; the quotient is — 3a&, and is placed to the 
right of 50*. Hence, the first two terms of the root are ba^^Sab. 
Squaring this binomial, it becomes 25a*— 300^5+ 9a"^, which, sub- 
tracted from the proposed polynomial, gives a remainder, of which 
the first term is 40a*i*. Dividing this first t^rm by lOo?, (the double 
of So"), the quotient is +45" ; this is the thM term of the root, and 
is written on the right of the first two terms, ^^^rming the double 
product of 6a"— 3a5 by 4ft", and the square of 4ft*, we find the poly- 
nomial 40a"ft*— 24aft^+16ft*, which, subtracted firom the first re- 
mamder, ^ves 0. Therefore 5a"— 3aft+4ft" is the required root. 

2. Find the square root of 

a*+4fl?«+6a"a'+ 4aa?+a!*. 

3. Find the square root of 

a*— 2a"aj+3a«a^— 2aa!"+a?*. 

4. Find the square root of 

4a!»+12aj'+5a?*-2a"+7a;"-2«+l. 

5. Find the square root of 

9a*- 12a^ft +28a"ft"- 16aft5+ 16ft*. 

6. Find the square root of 
26a*ft"-40a?ft"c+76a"ft"c«-48aft"c3+36ft»c*-30a*ftc+24a»ftc* 

-36a"ft(r»+9a*c". 

129. We will conclude this subject with the following remarks. 

Ist. A binomial can never be a perfect square, since we know 
that the square of the most simple polynonnal, viz. a binomial, con- 
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taioB three distinct parts, which cannot experience any reduction 
amongst themselves. Thus, the expression a^+l^ is not a f>erfect 
square ; it wants the term db2a^ in order that it should be the square 
of a±:b. 

2d, In order that a trinomial, when arranged, may be a perfect 
square, its two extreme terms must be squares, and the middle term 
must be the double product of the square roots of the two others. 
Therefore, to obtain the square root of a trinomial when it is a per- 
fect square ; Extract the roots <f the two extreme tertnSf and give 
these roots the same or cofAraary signs, according as the ndddJe term 
is positive or negative. To verify it, see if (he double product of the 
two roots gives the noddle term of the trinomial. Thus, 

9fl*— 48oW+64a^i«* is^ a perfect square, 
since V^rsSa*, and V64a^J*=:— So^, 

and also 2x3a'x — 8a^=— 48a*^, the middle term. 

Bat 4a'+14i!ii&+9^ is not a perfect square : fbr although 4a^ 
and +9^ are the squares of 2A and 8^, yet 2x2axd^ is not equal 
to 14a^. 

8d. In the series of operaticms required in a general problem, 
when the first term of one of the remainders is not exactly divisi- 
ble by twice the first term of the root, we may conclude that the 
proposed polynomial la not a perfect square. This is an evident 
consequence of the course of reasoning, by which we have arrived 
at the general rule for extracting the square root. 

4th. When the polynomial m not a perfect square, it may be sim- 
plified (See Art. 125.). 

Take, for example, the expression Vc^h + ic^b^-{- ^al^. 
The quantity under the radical is not a perfect square ; but it can 
be put under the form a3(a*+4fl6+4^). Now, the factor between 
the parenthesis is evidently the square of a+2h, whence we may 
conclude that, 

Vc?b+4^l^+4ali^=^(a+2h) VoF. 
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Of the Calculus of Badicab of the Second Degree. 

180. A radical ^piontUy is the indicated root of an imperfect 
power. 

The extraction of the square root gives rise to such ezpressicms 

as Va^ 8 VT", 7 V2f which are called irrational quanUtieSy or 
radicals of the second degree. We will now establish rules for per- 
forming the four fundamental operations on these expressions. 

181. Two radicals of the second degree are similar^ when the 
quantities under the radical sign are the same in both. Thus, 

8 VX and 5c VX are similar radicals; and so also are V^ 

and 7VT. 

Addition and Subtraction. 

182. In order to add or subtract similar radicals, add or subtract 
their co-effidentSj then prefix the sum or difference to the common 
radical* 

Thus, . . . 8a VT+5c 'v/y=(3a+5c) -/y. 
And ... 8aVy-5cVT=(8a-6c)'v/y. 
In like manner, 7 V2a+Z V'2a=(7+3) V2a=10 V2a. 

And • • . 7 'v/2^-.8 V^=(7-3) V2fl= 4V2a. 

Two radicals, which do not appear to be similar at first sight, 
maj become so by simplification (Art. 125). 
For example, 

-v/i8fl^+3 V76a=4ft V3a+6i V8a=» V^ 

and 2Vl6--8V5^6-/5^8-/5^8-/6r 

When the radicals are not similar, the addition or subtraction can 

only be indicated. Thus, in order to add 8 VMo 5 VoTwe write 

5Va+8Vdr 
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Multiplication. 

188. To multiply one radical by another, imit^ the two ^%mu 
lities under the radicai sign together^ and place the common tadkal 
wer the proditct* 

Thus, Vox Vb^ Va^;tbi8i8thepriiicipleof Art,I25,takettin 
an inverse order* 

When there are tK>^ffictent89 we /r«< vmltipiythem tog^hetf and 
write Ihe prodttct before the radical. Thus, 

S VsoF X'4 V^Oa'^ 12 VlOOt^b = 120a VbT 

2a VTc y,ZaVTcz=^^c? VVd" ^Sa^bc. 



2a V^+Fx-^ V?+P» = -.6(i«(a»+i»). 

DivisioTi. 

134. To divide one radical by another, divide one of the juanti" 
ties under the radical sign by the other and place the common radical 
<ner the quotient. 

^ a ^ /a 
Thus, r-:=r= V -r-; for the squares of these two expres- 
Vb ^ 

a 
sions are equal to the same quantity — ; hence the expressions 

themselves must be equal. When there are co-efficients, wrUe their 
quotient as a co-^ficient ofihe radtcal 

For example, 

5aVT-r25V^^gx/-^, 

12ac VeSj-^ic -/23=3a V-^==:8a VSc. 

185. There are two transformations of frequent use in finding the 
numerical values of radicals. 
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The fast consists in 4>aa9uig the co^effioient of a radical under the 
sign. Take, for examploi the expressiop da V^ ; it is equiva- 
lent to V 9a* X V5i, or V 9a?M = V 46a? J, by applyii^ 
Ibt nLJe for the multiplioation ctf two radicals; therefore, to pass 
the co-efficient qf a radical under the sign, it is only necessary to 
square it. 

Tbe principal use of this transforaialion, is to find a number 
which shall differ from the proposed radical, by a quantikf less than 

umty. Tf^e, for example, Uie esa^pression 6 VlS; as 13 is not a 
perfect square, we can only obtain an approximate value for its root. 
This root is equal to 3, plus « certain fraction ; this being multiplied 
by 6, gives 18, plus the product of the fraction by 6 ; and the en« 
tire part of this result, obtained in this way, cannot be greater than 
18. The only method of obtaining the entire part exactly, is to put 

6 Vl? under the form -/G^XlS = V36xl8= -/IgsT 

Now 468 has 21 for the entire part of its square root ; hence, 6 Vl3 
is equal to 21, plus a fraction. 

2n the same way, we find thi^t 12 VTsSI, plus a firaotion. 

136. The object of the second transformation is to convert the 

a a 

denominators of such expressions as — ; — r> r-, into rational 

P+ y/i P~ \f<L 

quantities, a and f being any numbers whatever, and q not a per- 
fed square. Expressions of this kind are oflen met with in the 
resolution of equations of the second degree. 

Now this object is accomplished by multiplying the two terms of 
the fraction by jp— ^/q, when the denominator is p+ ^/q^ and by 
P+ V^t ^hea the denominator is p— ^/q. For multiplying in this 
manner, and recollecting that the sum of two quantities, multiplied 
by their difference, is equal to the difference of their squares, we 
have 

a ^ ajp-y/q) ajp-y/q) ap-^ay/g 

9* 
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, g a(p+ y/q) _ ^P+ \/g) gp+g \^q 

T-vq~(T-y/q){p+y/ir f-q "~ i^-^ * 

in which the denominators are rational. 

To form an idea of the utility of this method, suppose it is requires 

7 
to find the approximate value of the expression ^^ ^ . It be- 

7(8+ v^6) 21+7^/5 _ ,— , 

comes Q_^g » ^^ J • Now 7 V 5 is equivolenJ to 

ViOxdy or V245, which is equal to 15, totOtn one of the true 

value. 

^ ^ 7 21+15+ a fraction 36 .,. ^ 

Therefore, :=•= =—-=9, withmafrac- 

o— yO 4 4 

tion of OM faurih ; that is, it differs firom the true value by a 
quantity less than one faurih. 

When we wish to have a more exact value for this expreB8i<m, 
^ra£i the square root of 245 to a certain number of decimal places^ 
add 21 to this root^ and divide the result by 4. 

For another example, take — rrz- — 7^-$ and find the value of 

vi-t+ v8 

it to within 0,01. 

We have, 

7i/5 7v/5(v/ll--^3)7v/65-7v/15 

Cm+v§'* 11-3 "* 8 

Now, 7 ^56= '/65x49«: -/2695=51,91, within 0,01, 

7^/15= Vl5x49=: -v/735^27,11 ; 

7^5 51,91-27,11 24,80 
•^^^'^^^'^' Vll+V3 = 8 =-8- =3,10. 

Hence we have 3,10 for the required result. This is exact to 
^thin -^. 

By a similar process, it will be found that 
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3+2 1/7 



it ^,ft ^ ^-=2,123, exact to within 0,001. 

6 ^12—0 vO 

Remark. Expressions of this kind might be calculated by ap. 
proximating to the value of each of the radicals which enter the 
numerator and denominator. But as the value of the denominator 
would not be exact, we could not form a precise idea of the degree 
of approximation which would be obtained, whereas by the method 
just indicated, the denominator becomes rationdli and we always 
know to what degree the approximation is made. 

The principles for the extraction of the square root of particular 
numbers and of algebraic quantities, being established, we will pro- 
ceed to the resolution of problems of the second degree. 

Exampks in the Calculns of Radicals. 

1. Reduce V 125 to its most simple terms. 

Ans. 5 VT. 

2. Reduce v -77=" to its most simple terms. 

147 

An$. — VT. 

3. 'Reduce v OSo^jc to its most simple terms. 

Ans. la V2x. 

4. Reduce V(a:^— aV) to its most simple' terms. 

5. Required the sum of VT2 and V 128. 

Ans. 14 VT. 

6. Required the sum of V27 and V 147 • 

Ans. 10 VT. 

7. Required the sum of V^ — and \/ — . 

Ans. 35VT. 
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8. Required the sum of 2 V a^^ and 3 -/SiS? 

9. Required the «um of 9 V 243 and 10 VSGS. • 

19* Required the differencet)f \/ rr- and v o^* 

40 

11. Required the product of 5 VT and 3 VT. 

Am. SoVio. 

12, Required the product of -^ v^ -5- and -pv^ T7:. 

00 4 lU 

40 
18. Divide 6 VTo by 8 VT. iliw. 2 VT. 

Of Equations of the Second Degree. 

137. When the enunciation of a problem leads to an equation of 
the form aa^=hy in which the unknown quantity is multiplied by 
itselfy the equation is said to be of the second degree, and the princi- 
ples established in the two preceding chapters are not sufficient for 
the resolution of it ; but since by dividing the two members by a, it 

b 
becomes a^= — f we see that the question is reduced to finding the 

square root of — . 

138. Equations of the second degree are of two kinds, viz. equa- 
tions involving two terms, or incomplete equations, and equations in- 
volving three terms, or complete equations. 

The first are those which contain only terms involving the square 
of the unknown quantity, and known terms ; such are the equa* 
tions, 

1 6 7 . 299 

^=^'T^-^+i?^=24-^+-2r- 
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These are called equations involving two <er»w because they may 
be reduced to the form 00^=1, by means of the two general trans- 
formations (Art. 90 & 91). For, let us consider the second equa- 
tion, which is the most complicated ; by clearing the fractions it be- 
comes 

. aB«-72+10aj»=7-24a*+299, 
or transposing and reducing 

42ar»=378. 

Equations involving three terms, or complete equations, are those 
which contain the square, and also the first power of the unknown 
quantity, together with a t^iown term ; such are the equations 

5 1-3 2 .273 



¥^^y^T=°'-y*~""'^"i2"- 

They can always be reduced to the form €ui?+hx=Cf by the two 
transformations already cited. 

Of Equations involving two terms. 

139. There is no difficulty in the resoli^tion of the equation 

h /h 

ag^=zh. We deduce from it «*= — . whence «=\/ — . 

h 
When — is a particular number, either entire or fractional, 

we can obtain th^ square root of it exactly, or by approximation. 

h 
If — is algebraic^ wo apply the rules established for algebraic 

quantities. 
But as the square of +m or — w, is +m*, it Mows that 

I =t Y/ — ) ^ equal to — . Therefore, x is susceptible of two 

values, viz. «=+\/ — , and a?=— \/ — . For, substituting 
either of these values in the equation ooe^i, it becomes 
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flX(+\/— ) =*, or ax—=^bf 

and • • • ax(— \/ — ^) =^ .or ax — =^- 

For another example take the equation 4a;*— 7=3a;*+9 5 by 
transposing^ it hecomes, a*=16, whence a?=db 1/16=^=4. 
Again, take the equation 

1 . 5.7 « 299 

T^ ^12 24 ^ 24 

We have already seen (Art. 138.), that this equation reduces to 

378 

42a*=378, and dividing by 42, aj»==-— -=9; hence «=db3. 

Lastly, from the equation 3x^=5 ; we find "" 

As 15 is not a perfect square, the values of z can only be deter* 
mined by approximation. 

Of conq)lete Equations of the Second Degree. 

140. In order to resolve the general equation 
aa^+hx^.e, 

we begin by dividing both members by the co-efficient of o^, which 
gives, 

a* -I — xss — f or ar+px=q 

b e 

by making — =|) and — =zq. 

Now, if we could make the first member (x'+jpa?) the square of a 
binomial, the equation might be reduced to one of the first degree, 
by simply extracting the square root. By comparing this member 
with the square of the binomial («+a), that is, with x'+2aa;+a', 
it is plain that s'-f-px is composed of the square of a first term a?, 
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plus the double product of this first term op by a second, whicli must 

P P P P* 

be 77, since pa: =2— a?; therefore, if the square of — or -7-, be 

added to «*+/>«, the first memlrer of the equation will become the 

square of 0;+-^ ; but in order that the equality may not be destiov- 

2 

ed -^ must be added to the second member. 
4 

By this transformation, ihe equation «'+par=^ becomes 
Whence by extracting the square root 

The double sign =t: is placed here, because either 

+\/ q+-^,or -V5'+— , squared gives j+Y* 
Transposing — , we obtain 



,=_£.±V/I4. 



From this we derive, for the resolution of complete equations of 
the second degree, the following general 

RULE. 

Afier reducing ihe equation to the form x'+px=q, add the square 
of half of the co-efficient of x, or of the second term^ to both mem* 
hers ; then extract the square root of both members^ giving the doiMe 
sign db to the second member ; then find the value of x from the re* 
suiting equation* 

This formula for the value of x may be thus enunciated. 

The value of the unknown quantity is equal to half the co-efficient 
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cf x, (oien vnA a contrary sign^ plus or tnmua Ae square tool ofihe 
known term increased hy the square of half the co-effident of z. 
Take, fbr an example^ the equation 

6.1 3 2 .273 



6 2*4 8 • 12 

Clearing the fhictions, we have 

iai?-6x+9=96-8«-12aj»+27S, 
or, transposing and reducing, 

22«'+2«=860, 

and dividing both members by 22, 

2 360 
'^+22*="22~- 

Add (— ) to both members, and the equation becomes 



/ 1 v' 360 /J_x« 
\22/ "~ 22 '*"\22// 



'22 
whence, hj extracting the squar3 root, 

• ^+22==^^-22-+(22)* 
Therefore, 

1 .^/ 860^/1 v« 

which agrees with the enunciation given above for the double value 

of «. 

It remains to perform the numerical operations. In the first 

360 / 1 \* 
place, "oo"+(oo/ ^^'^ ^® reduced to a single number, having 

(22)' for its denominator. 

360 / 1 \'_ 860x22+l _ 7921 
^^^' 22"*"V22/"" (22)» ""(22)* • 

extracting the square root of 7921, we find it to be 89 ; therefore. 



^ 22 ^V22/ 22* 
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1 89 
Cwisequently, ^'^""sg'^ii' 

Separating the two yalues^ we have 

Therefore, one of the two values which wiU satisfy the prcposed 
equation, is a positive whole number^ and the other a negative frac- 
tion. 

For another example, take the equation 

which reduces to 

. 87 57 

87 /87\* 

If we add the square of — , or ( — ) to both members, it be- 

onnes 

vhence, by eztractiDg the square root 

87 / 67 /87v» 

Consequently, 

87 / 57 , /87v« 

/87\* 67 
In order to reduce (—1 — T ^^ single number, wo will ob- 
serve, that 

(12)«= 12X12=6X24; 

therefore! it is only necessary to multiply 57 by 24, then 37 by itself, 
and divide the difference of the two products by (12)*. Now, 
87X87=1869; 57x24=1868; 
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therefore^ 



/87v« 57 1 
\12/ "■ 6 "(l^Y* 



the square root of which is — • 



*'"12'*"l2'"l2"" 6 • 
87 1^86 

This example is remarkable, as both of the values are positiTey 
and answer directly to the enunciation of the question, of which 
the proposed equation is the algebraic translation. 

Let us now take the literal equation 

By transposing, changing the signs, and dividing by 2, it becomes 

whence, axnpletmg the square, 

a* 9(^ 
4 4 



extracting the square root. 



•9ab+W. 



2 " 4 

90* 8a 

Now, the square root of — 9a6+0^, is evidently, ■^— 3fc 

Therefore, 

a , /Sa \ i x=z 2a— 3J, 

*=T=^(t-^)' «' 1 ,= - a+8J. 

These two values will be positive at the same time, if 2a>3^, 

and S&>a, that is if the numerical value of i is greater than 

a 2a 

— and less than -g-. 
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BXAMFUB8. 

( «=2 ) 
a^— 7«+10=0 .... values I _e J » 



1 , ,^ 4.,^ -...<«= 7,12 ) to within 



«=r 7,12 ) to within 

^r a v~ I ~rrr ni" fl~i ~rii»~ i fi 11 < 

8. Given «•— 8«+10=19, to find «. Ans. x=9. 

4. Given ai'r-x— 40=170» to finds. Ans. jp»16. 

5. Given da;'+2a;— 9=76, to find a;. An«. a;=5. 

6. Given J«*— i«+7f=8, to find*. -4iw. «=1J. 

iiiV 

7. Given a"+^— 2&b+«*=— j- to find*. 

auBsnoNs. 

1. Find a number such, that twice its square, increased by three 
times this number, shall give 65. 

Let X be the unknown number, the equation of the problem will be 
2**4.8«=65, 
whence, 

*""4 ^ 2 "'"16"'" 4 4" 
Therefore, 

Both these values satisfy the question in its algebraic sense. 

For, 2X(6)*+8X5=2X26+15=66. 

/ 18\« 13 169 89 180 

and 2(--)+8x-y=— -y=— =66. 

But, if we wish to restrict the enunciation to its arithmetical 
sense, we will first observe, that wh^ » is tep\$<kid by — a^ in the 
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equation 2a^+9a;=65, the sign of die second term 3a? only, is chang- 

ed, because (—«)'=«•. * 

... 3 23 

Therefore, instead of obtaining a?:=i.— ^cb-p we would find 

8 23 13 

«=— ^— , or »="o- and «=*-5, values which only difier from 

the preceding by their signs. Hence, we may say that the nega- 

13 

tive«dation <^— , considened independently ^f its .sign, satisfies 

this new enunciation, viz. : To find a number guch, that twice Us 
square, diminished by three times this nutnber, shaU give 65. In fact, 
we have 

/13v> 13 169 39 






2. A certain person purchased a number of yards of cloth for 
240 cents. If he had received 8 yards less of the same cloth, for 
the same sum, it would have cost him 4 cents more per yard. How 
many yards did he purchase ? 

Let 0?= the number of yards purchased. 

240 

Then will express the price per yard. 

If, for 240 cents, he had received 3 yards less, that is a;— 3 
yards, the price per yard, in this hypothesis, would have been repre- 

240 

sented by r-. But, by the enunciation this last cost would ex- 
ay— o 

ceed the first, by 4 cents. Therefore, we have the equation 

240 240 
«_ 4 . 

a?-3 X ' 

whence, by reducing «*— 3a?=180, 

3=fc27 



«=-2-=tV-j+180=- 



2 
therefore 

a;=sl5, and «=— 12. 
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The value ff=16 satiafiet the ^mmeiation ; ior^ 15 yards for ^40 

240 

cents, gives -r^t or 16 cents for the price of one yard, and 12 

yards for 246 cents, gives 20 cents for the piioe of one yard, 
which exceeds 16 by 4. 

As to the second solution, we canfoim a new enunciation, with 
which it will agree. For, go back to the equation, and change x 
into —X, it becomes, 

240 240 240 240 

-=4, or -- — -rr^=^f 



— X— 3 r^x » X ,x+S 

an equation which may be considered the algc^^nuc translation of 
ihis problem, viz* : A certain person purchased a number of, yards 
of cloth for 240 cents : if he had paid the same sum for 3 yards 
morsy it would hate cost him 4 cents less per yard. How many 
yards did he purchase ? Ans. x= 12, and x= — 15. 

Remabk. Hence the principles of (Arts. 104 and 106.) are 
confirmed for two problems of the second degree, as they were for 
all problems of the first degree. 

• 8. A merchant discounted two notes, one of 98776, payable in 
Dme months, the other of 9748S, payable in eight monlj^. He 
paid $1200 more for the first than the second. At what rate of 
interest did he discount them ? 

To simplify the operation, denote the interest of $100 for one 
month by «, or the annaal interest by 12a; ; 9a; and Sx are the in- 
terests for 9 and 8 months. Hence 100+9a;, and 100+8a;, repre* 
sent what the capital of $100 will be at the end of 9 and 8 months. 
Therefore, to determine the present values of the notes for $8776, 
and $7488, make the two proportions. 



100+9a? : 100 : : 8776 : 
100+8a; : 100 : : 7488 : 



877600 
100+9aj ' 
748800 



100+8« * 
and the fourth terms of these proportions will express what the merw 
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chant paid for each note. Hence, we have the equation 

877600 748800 

— 1200 • 
lOO+ftc 100 +8« — **"" • 

or, observing that the two members are divisible by 400, 

2194 1872 

=8. 



lOO+Ox 100+8X 

Clearing the fraction, and reducing, it becomes, 
216«"+4396a?=2200; 
whence 



2198 ^^ /2200 (2198)' 

""■""216 ^ 216"^ (216)* • 

Reducing the twd terms under the radical to the same denomi- 
nator, 

-2198A V 5806404 
•= 216 ' 

or multiplying by 12, 

-2198± V 5806404 



12af=:- 



18 



To obtain the value of I2x to within 0,01, we have only to ex. 
tract the square root of 5806404 to within 0,1, since it is afterwards 
to be divided by 18. 

This root is 2808,5 ; hence 

-2198±2808,5 
120,= jg ; 

and consequently. 



105,5 
12a:=— 7^=5,86, 



and 




12a:= Jq-^= -250,08. 



The positive value, 12dP=5,86, therefore represents the rate of 
interest sought. 
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Ad to the negative solution, it can only be regarded as connected 
with the first by an equation of the second degree. By going back 
to the equation, and changing x into —a?, we could with some trou- 
ble, translate the new equation into an enunciation analogous to that 
of the proposed problem. 

4. A man bought a horse, which he sold after some time for 24 
dollars. At this sale, he loses as much per cent, upon the price of 
his purchase, as the horse cost him. What did he pay for the 
horse ? 

Let X denote the number of dollars that he paid lor the 
horse, x-~24 will express the loss he sustained. But as he 

X 

lost X per cent, l^ the sale, he must have lost -rrrr upon each 



100 



«« 



dollar, and upon x dollars he loses a sum denoted by ■ ^ ; we 
have then the equaticm 

-—■=«— 24, whence «■— 100a:=— 2400. 

and «=60db V2500— 2400=50dhl0. 

. Therefore, 

=60 and «=40. 

Both of these values satisfy the question. 

For, in the first place, suppose the man gave #60 for the horse 

and sold him for 24, he loses 86. Again, from the enunciation, he 

60 60X60 

should lose 60 per cent, of 60, that is, of 60, or , 

which reduces to 86 ; therefore 60 satisfies the enunciation. 

If he paid 940 for the horse, he loses 16 by the sale ; for, he 

40 
should lose 40 per cent, of 40, or 40x-7jwr» which reduces to 16 ; 

therefore 40 verifies the enunciation. 

5. A grazier bought as many sheep as cost him £60, and afler 
10 
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reserving fifteen out of the number, he sold the remainder for £54, 
and gained 29 a head on those he sold : how many did he buy ? 

Ans. 76. 

6. A merchant bought cloth for which he paid JS33 15*, which 
he sold again at £2 8s per piece, and gained by the bargain as 
much as one piece cost him : how many pieces did he buyl 

Ans. 15. 

7. What number is that, which, being divided by the product of 
its digits, the quotient is 3 ; and if 18 be added to it, the digits will 
be inverted? Atis. 24. 

8. To find a number such that if you subtract it from 10, and 
multiply the remainder by the number itael^ the product shall be 21. 

Ans, 7 or 3. 
0. Two persons, A and B, departed frcxn different places at the 
same time, and travelled towards each other. On meeting, it ap- 
peared that A had travelled 18 miles more than B ; and that A 
could have gone B's journey in 15} days, but B would have been 
28 days in performing A's journey* How far did each travel ? 

A 72 mUes, 
B 54 tnUes* 



Ans* \ 



Discussion of the General Equation of the Second Degree. 

141. As yet we have only resolved problems of the second de- 
gree, in which the known quantities were expressed by particular 
numbers. To be able to resolve general problems, and interpret 
all of the results obtained, by attributing particular values to the 
given quantities, it is necessary to resume the general equation of 
the second degree, and to examine the circumstances which result 
from every possible hypothesis made upon its co-efficients. This is 
the object of ^ discussion of the equation of the second degree. 

142. A root of an equation of the second degree, is such a num- 
ber as being substituted for the unknown quantity, will satisfy the 
equation. 
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It has been shown (Art. 138), that every equati<»i of the second 
degree can be reduced to the form 

S!^+px=:q .... (1), 

p and q being numerical or algebraic quantities, whole numbers 
or fractions, and their signs plus or minus. 

If, in order to render the first member a perfect square, we add 

•7- to both membejs, the equation becomes * 

4 

or («+f) =?+^. 

Whatever may be the value of the number expressed by J+-t-> 
its root can be denoted by m, and the equation becomes 

(«+!■)=< or (aj+|-) -wr'rzO. 

But as the first member of this equation is the difference between 
two squares, it can be put under the form 

(a:+-|— «i).(aj+|-+m)=0; . . . (2). 

in which the first member is the product of two factors, and the 
second is 0. Now we can render the product equal to 0, and con- 
sequently satisfy the equation (2), in two different ways : viz. 

P P 

By supposing «+-o — m=0, whence «= — o"+^* 

P P 

or supposing «+— +»»=0, whence «= — 2"^' 



Or substituting for m its value, 
10» 



=-^+\/^ 



«=_2._vvz: 



8' «+-4- 
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Now, either of these values, being substituted for a; in its cor- 
responding factor of equation (2) will satisfy that equation , and as 
equation (1) will always be satisfied when the derived equation (2) 
is satisfied, it follows, that either value will satisfy equation (1). 
Hence we conclude, 

1st. That every equation of the second degxfe has two rootSj and 
only two. 

. 2d. That every equation of the seconi^'degree may he decomposed 
into two binomial factors of the first degree with respect to x, having 
X for a common term, and the two roots, taken with their signs 
changed, for the second terms. 

For example, the equation 0^+3x^28=30 being resolved gives 
x=s4 and a;=— 7 ; either of which values will satisfy the equation. 
We also have 

(aj-4) (x+7) =a;»+3a:-.28. 

143. If we designate the two roots by a( an4 a^'f we have 

by adding the roots we obtain 

and by multiplying them together, we have 

4-('4)=-'- 

Hence, 1st. The algebraic sum of the two roots is equal to the co- 
nfident of the second term of the equation, taken with a contrary 
sign. 2d. The product of the two roots is equal to (he second mem- 
berqfihe equation, taken also with a contrary sign. 
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Rbmask* The preceding properties suppose that the equation 
has heen reduced to the form 3(r'+px=:±q; that is, 1st. That every 
term of the equation has heen divided by the co^efiicient of x". 
2d. That all the terms involving x have been transposed and arw 
ranged in the first member^ and a^ made positive. 

144. There are four forms, under which the equation of the se* 
cond degree may be written. 

a^+P*^ q (1) 

x'^px^ q (2) 

a?+px=^^q (8) 

a*».pa,~«.g (4). 

In wl^ch we suppose p and q to be positive. 
These equatioids bemg resolved, give, 






(2) 



?+T (8) 



r=+l±\/Z^ 



2-' -«+T (4). 

In order that the value of x, in these equations, may bd fi>und, 
either exactly or approzimatively, it is necessary thai the quantity 
under the radical sign be positive (Art. 126). 

Now, — being necessarily positive, whatever may be the sign 

of Pf it follows, that in the fir9t and second forms all the values of 
X will be real. They will be determined exactly, when the puan* 

^*y q+'T ^^ perfect square, and approximatively when it is 

QOiSO* 

In the first form, the first value of a;, that is, the one arising from 
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taking the plus value of the radical, is always positive ; for the 
radical \r ^+"7'f being numerically greater than — , the ex- 



-i-v^ 



pression — --db\/ ^+-7- is necessarily of the same sign as 

that of the radical. For the same reason, the second value is es- 
sentially negative, since it must have the same sign as that with 
which the radical is affected : but e€U2h root, taken with its proper 
sign, will satisfy the equation. The positive value will, in general, 
alone satisfy the problem understood in its arithmetical sense ; the 
negative value, answering to a similar problem, differing from the 
first only in this ; that a certain quantity which is regarded as ad- 
ditive in the one, is subtractive in the other, and the reverse. 

In the second form, the first value of « is also positive, and the 
second negative, the positive value being the greater. 

In the third and fourth forms, the values of x will be imaginary 
when 

g>— , and^reoZ when ^<"7"- 

And since- v — ^+-7- is less than — , it follows that the 

real values of x will both be negative in the third form, and both 
positive in the fourth. 

145. The same general consequences which have just been re<^ 
marked, would follow from the two properties of an equation of the 
second degree demonstrated in (Art. 143). The properties are : 

The algehraic turn of the roots is equal to the co-efficient of ike se» 
cond temh taken wUh a contrary sign^ cmd their product is equal I0 
the second member 9 taken also with a contrary sign. 

For, in the first two forms, q being positive in the second mem. 
ber, it follows that the product of the two roots is negative : hence, 
they have contrary signs. But in the third and fourth forms q betng 
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negative in the second member, it follows that the product of the 
two roots will be positive : hence, they will have Wee signs^ viz. both 
negative in the third form, w\\ei^ p is positive, and both positive in 
the fourth form where p is negative. 

Moreover, since the sum of the roots is affected with a sign con- 
trary to that of the co-efBcient p ; it follows, that, the negative root 
vfiU he the greatest in the first form, and the least in the second. 

146. We will now show that, when in tho third and fourth forms, 
we have 9> v» ^^® conditions of the question wift be incompa- 

tible with each other, and therefore, the values of a; ought to be 
imaginary. 

Before showing this it will be necessary to establish a proposition 
aa which it depends : viz. 

If a given number he decomposed into ttoo parts and those parts 
multiplied together, the product wUl he the greatest possible when 
the parts are equal. 

Let p be the number to be decomposed, and d the difference of 
the parts. Then 

p d 

-—+-2'= the greater part (Art. 32). 

p d 
and -^ 2-= the less part. 

and ^'-—:=1?, their product (Art. 46). 

Now it is plain that P will increase as d diminishes, and that k 
will be the greatest possible when (2=0 : that is, 

p p p^ 

-r-X-2"=-T' is the greatest product. 

147. Now, smce in the equation 

p \a the sum of the roots, and q their product, it follows that q can 
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never be greater than — . The conditions of the equation there- 

fore fix a limit to the yaloe of ^, anfll if we make 5'>'X» ^® express 

by the equation a condition which cannot be fulfilled, and, this con- 
tradiction is made apparent \3j the values of x becoming imaginary* 
Hence we may conclude that, 

The value of the unknown quantity mil always he imaginary fohen 
the conditions of the question are incompatible toith each other. 

Remabk. Since the roots of the equation, in the first and second 
forms, have contrary signs, the condition that their sum shall be 
equal to a given number jp, does not fix a limit to their product : 
hence, in those two forpfis the roots are never imaginary. 

148. We will conclude this discussion by the fi^owing remarks* 

jp» 
1st. If in the third and fourth forms, we suppose q=-Tf the ra- 
dical part of the two values of x becomes 0, and both of these 

P ' 

values reduce to x= — r- : the two roots are then said, to he equal. 

In fact, by substituting — for q in the equation, it becomes 
a^+px= — J-, whence 



a?+l>^+Y=^' ^^ (^"^"f") ==®- 



In this, case, the first member is the product of two equal factors. 
Hence we may also say, that the roots of the equation are equal, 
since in this case the two factors being placed equal to zero, give 
the same value for x. 

2d. If, m the general equation, aj*+pjj=^, we suppose 5^=0, 

the two values of x reduce to a?=— ^+-^, or a;=0, and to 

2 2 

p p 
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In fact, the equation is then of the form a!*+|>a;=0, or a?(«+p)=0, 
which can he satisfied either hy supposing x=0, or x+p=zOf 
whence «= — j> : that is, one of the roots is 0, and the other the 
co-efficient of x taken with a contrary sign. 

dd. If in the general equation x'+px^q^ we suppose pssO, 
there will result ar'=5', whence jj=:±: Vf > that is^ in this case the 
two wdues of X are equals and have contrary signs, real in the first 
and second forms, and imaginary in the third and fourth. 

The equatioQ then belongs to the cliuss of equeitions iavolving two 
terms, treated of in (Art* 139). 

Aihf Suppose we have at the same time jp=0| ^==0 ; the equa. 
tion reduces to a^=0, and gives two values of x^ equal to 0* 

140. There remains a singular case to be examined, which is oflen 
met with in the resolution of problems of the second degree. 

To disoiMS It, take the equatkm «m^4*&p3&c* This equation 
gives 

^»± Vlj^+4ac 

X=z w. 

2a 
Suppose now, that from a particular hypothesis, made upon the 
given quantities of the question, wa have a=d ; the* expression for 
X becomes ^v 



whence ^ _. 

2o 

The second value is presented under the form of infinity, and 
may be considered as an answer when the proposed questions will 
admit of answeiis in infinite numbers. 



As to the first — , we must endeavour to interpret it. 

By multiplying the numerator and denominator of the 3d mem. 
ber of the equation 

jps- g ijy ^j,^ vi^4-4ac 



Digitized by 



Google 






, j..^'' (i^- c- '" ^•*^-''' "^ t +■ 



154 AZABBRA. 

we obtain 

y-,(y+4ac) _ -4ac 



or a?= ■ • ■ by dividing by 2a, 

— *— V^+4ac 

c 
or ^^Ti. ^y making a=0. 

Hence we see that the apparent indetenhination arises from a 
common factor in the numerator and denominator. 

If we had at the same time a=sO, 3=0, c=0, the proposed 
equation would be cdtogether indeterminate. 

This is the only case of indetermination that the equation of the 
second degree presets. 

We are now g<Hng to apply the principles of this general discus- 
sion to a problem which will give rise to most of the circumstances 
which are commonly met with in problems of the second degree. 

Problem of the Lights. 



C" A C B a 

150. Find upon the line which joins two lights, A and B^ of dif: 
ferent intensities, the point which is equally illuminated ; admitting 
the following principle of physics, viz. : The intensity of the same 
light at two different distances, is in the inverse ratio of the squares 
of these distances. 

Let the distance AB between the two lights be expressed by a ; 
the intensity of the light A, at the units distance, by h ; that of the 
light B, at the same distance, by c. Let C be the required point, 
and make AC=Xj whence BC=^a-^x, 

From the principle of physics, the intensity of A^ at the unity 

of distance, being b, its intensity at the distances 2, 8, 4, dec, is 

b b b 

T^ "Try T?» ^<^*» bence at the distance x it will be expressed by 
4 9 16 "^ 
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h 
3-« In like mannery the intensity of B at. the distance a— a;, is 

e 
( _ \i » ^ut, by the enunciation, these two intensities are equal 

to each other, therefore we have the equation 
h_ c 

Whence, by developing and reducing, 

(3— c)aj"— 2oia:= —o^i. 
This equation gives 






X' 



or reducing, 

a(h±: Vb^) 
b—c 

This expression may be simplified by observing, 1st. that bdb ^/bc 
can be put under the form >/*• >/^± >/b. y/Cy or >/^( V^d: >/«) ; 
2d. that ft-c=(v/^)»-(v/c)'=(V^+Vc).(v'^-Vc) There- 
fore, by first considering the superior sign of the above expression, 
we have 

ay/b{y/b+y/c) a^/b 

^"^ ( >/*+ \/c).( V*- >/c) "" >/ft- >/c • 
In like manner we obtain for the second value, 
__ aVb{y/b'^^c) _ ay/b 

*= ( ^i+ ^c).( y/b- y/e) ^ y/b+ y/C ' 

Hence, we have . 

Gy/C 



ay/b 
1st • • • «= 



3d . . . «= 



V'i+ >/c ' I froni which 
a V^ I we obtain 



a^«=- 



1st. Suppose that ^>c. 



a^a;=- 



^ay/c 



y/b'-y/C^ 
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ay/b 
Thefint vabte of a?, —, , is then posittve and less than 

y/h 
^ because — r-; — 7- is a proper fVactioD ; thus this vedae gives 

for the required point, a point C, ffltuated between the points A bb4 
B. We see moreover, that the point is nearer to B than A ; for 
since J>c, we have y/b+y/h or ^V^'>{y/b+ y/c); whence 

:^b+w'^~2 ^-J ~'»«J"«'*'y' J>tvc >Y' ^"^^tt^'^ 

ought to be the case, since the intensity of A was supposed to be 

greater than that of B. 

ay/c 
The corresponding value of a— as, ■ ,, ■ — 7- is also positive, 

a 

and less than —y as may easily be shown. 

ay/b 
The second value of jj, — rr y-, is also positive, but greater 

thm a ; because — 7? r>l- Hence this second value gives a 

second pdnt C, situated upon the prolongation of ABy and to the 

right of the two lights. We may in fact conceive that the two lights, 

exerting their influence in every direction, should have upon the 

prolongation of jLB, another point equally illuminated ; but this 

pomt must be nearest that light whose intensity is the least. 

We can easily explain, why these two values are connected by 

the same equation. If, instead of taking AC for the unknown quan. 

tity a?, we had taken AC\ there would have resulted BC^=x^a ; 

b c 
and the equation -j=7 rj. Now, as («—«)' is identical with 

(a^xY, the new equation is the same as that already established, 
which consequently should have given ^C as well as AC. 

And since every equation is but the algebraic enunciation of a 
problem, it follows that, when the same equation enunciates several 
problems, it ought by its d^erent roots to solve them all. 
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When the unknown quantity x represents the line AOf the 
second value of u-^Xf , ^ , is negative^ as it should be, since 
we have x>a; but by changing the signs in the equation 

a— a^TTT — — it becomes x—a=i — tt -; and this value of 

«— a represents the positive value of BC. 
2d. Let J<c. 

The Jirti value of a?, — ;t- — — is always positive, but less than 

— , since we have 

( v^3+ >/c)>( >/*+ >/*) or than 2 y/l. 
The corresponding value of a— a?, or — jr-. — 7- is positive, and 

greater than — . 

Therefore in this hypothesis, the point C, ntuated between A 
and Bf must be nearer A than B. 

ay/h '-a^h 

The second value of «, ,^ or ^ ■ , , is essentially ne- 
gative. To interpret it, let us take for the unknown quantity the 
distance AC"j and let us represent this distance by x, and at the 
same time consider, as we have a right to do, x as essentially ne- 
gative. Then the general expression for JBC" being a—a?, if 
we regard x as essentially negative, the true numerical value of 
a— a; is expressed by a-{'X. Hence as before, the equation or 
algebraic expression will be 

be be 

^^ {a^xy ^' ■?^(a+x)« 
in the first of which equations x is essentially negative. 

This equation fught to give a negative value for ar, and a posi- 
tire value for BC''=ia+x, Indeed, since the intensity of the li^t 
B 18 greater than that of A, the second required point ought to be 
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nearer A than B. The algebraic value for BC", which is 
a-'X, or — —2 — r or — — -—: is poaitive. 

3d. Let J=c. 

a 
The first two values of x and a— a? reduce to — , which gives 

the middle of AB for the first required point. This result agrees 
with the hypothesis. 

The two other values reduce to -^—r — -, or tn/ifit^ ; that is, the 

second required point is situated at a distance from the two points 

A and Bj greater than any assignable quantity. This result 

agrees perfectly with the present hypothesis, because, by supposing 

the difference h—c to be extremely small, without being at>solutel7 

nothing, the second point must be at a very great distance from the 

ay/b 
lights ; this is indicated by the expression ,^ , the denomi- 

nator of which is extremely small with respect to the numerator. 
And if we finally suppose 5=c, or y/b— y/cz=^Oy the required point 
cannot exist for a finite distance, or is situated at an infinite distance. 

We will observe, that in the case of d=c, if we should consider 
the values before they were simplified, viz. 

a{b+ y/bc) ^ a(3-. y/be) 
*= b^c • ^^ ^= b^c > 

ay/b 
the first, which corresponds to a?= — 77 r* would become 

2a3 a^b 

-rr- , and the second, which corresponds to ., , — 7-, would be- 



come — . But — would be obtained in consequence of the exist- 
ence of a common factor, >/^— Vc> between the two terms of the 
value of X (see Art. 113). 
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Let h=zc, and a=0. 
The first system of values for x and a— «, reduces^ to 0, and the 

second to — • This last symbol fe that of indetermination ; for, 

resuming the equation of the problem, (J— c)ar*— 2aJa?=— o'i, it 
reduces, in the present hypothesis to O.a;*— 0.a?=0, which may be 
satisfied by giving x any value whatever^ In fact, since the two 
lights have the same, intensity, and are placed at the same point, 
thetf ought to iUuminaie equally each point of the line A B. 

The solution 0, given by the first system, is one of those solutions 
in ir^nite numbers, of which we have spoken. 

Finally f suppose a=0, and b and c, unequal 
Each of the two systems reduces to 0, which proves that there is 
but one point in this case equally illuminated, and that is the point 
in which the two lights are placed. 

In this case, the equation reduces to (3— c)a;*=0, and gives the 
two equal values, «=0, a?=0. 

The preceding discussion presents another example of the pre- 
cision with which algebra responds to all the circumstances of the 
enunciation of a problem. 

Cf Equations of the Second Degree^ involving two or more 
unknoum quantities^ 

151. A complete theory of this subject cannot be given here, be- 
cause the resolution of two equations of the second degree involv- 
ing two unknown quantities, in general depends upon the solution of 
an equation of the fourth degree involving one unknown quantity ; 
but we will propose some questions, which depend only upon the 
solution of an equation of the second degree involving one unknown 
quantity. 

1. Find two numbers such that the sum of their products by the 
respective numbers a and 3, may be equal to 2«, and that their 
product may be equal to p. 
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Let X and y be the required numbem, we have the equations. 

From the first y= — r — ; whence, by substituting in the se- 
GlOnd, and reducing, 

Therefiwre, , 

a a ry ^. 

and consequently. 



y—op-Vpr:^ 

This problem is susceptible of two direct solutions, because 9 is 

evidently > V^-~abpf but in order that they may be real, it is 
necessary that «*> or =ahp. 
Let a=3=l ; the values of «, and y, reduce to 

x=sdz V«*— jp and y=szf: Vs^—p 
Whence we see, that the two values of x are equal to those of y, 
taken in an inverse order ; which shows, that if 8+ Vt^—p repre- 
sents the value of a?, *— V^—p will represent the corresponding 
value of y^ and reciprocally. 

This circumstance is accounted for, by observing, that in this par- 

ticular case the equations reduce to I and then' the 

i xy^P ; 

question is reduced to, finding two numbers of which the sum is 2s, 

and their product p, or in other words, to divide a number 2^, into 

two such parts, thcU their product may be equal to a given number p. 

2. Find four numbers in proportion, knowing the sum 2s of their 
extremes, the sum 2/ of the means, and the sum 4c' of their squares. 

Let UjXjyyXy denote the four terms of the proportion ; the equa- 
tions of the problem will be 
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u+z=2s 

At first sight, it may appear difiicult to find the values of the un- 
known quantities, but with the aid of an unknown auxiliary they are 
easily determined. 

Let p be the unknown product of the extremes or means, we 
have 

1st. The equations 

( t«+«=2*, , . , . ( U-8+ y«"-jp, 

< which give } , 

2d. The equations 

/ a?+y=2«', , . , . ( «=«'+ V«"-jp, 
J which give . J 

Hence, we see that the determination of the four unknown quan- 
tities depends only upon that of the product p. 

Now, by substituting these values of u, a;, y, z in the last of the 
equations of the problem, it becomes 

or, developing and reducing, 

4«'+4*'*— 4p=4c ; hence p=«"+*'*— c*. 

Substituting this value for p, in the expressions for ti, x, y, z^ we 
find 



These four numbers evidently form a proportion ; 1^ wo have 



11 
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This problem shows how much the introduction of an vnknawn 
ottxiliary focilitates the determination of the principal unknovm quan- 
tities. There are .other problema of the same kind, which lead to 
equations of a degree superior to the second, and yet they may be 
resolved by the aid of equations of the first and second degreesy by 
introducing unknoum auxiliaries. 

162. We will now consider the case in which a problem leads to 
two equations, of \\i^, s^econd degr)ee> involying two unknown quan- 
tities. 

An equation involving two unknown quantities is said to be of the 
secofid degree^ whea ike grea^Mt sum of ike es^ponenis of tft6 two 
wAnmon quafjifttief if any terv^ is equal to 2. Tl^us, 

are equations of tb^ second degree. 

Henccy every general equfition of the second degree, involving 
two imknown quantities, is of the form 

0, i, c, • • . representing known quantities, either numerical or aU 
gebraic. 

Take the two equations 

alf+Vxy+dt^+d!y+fx-\g^=zO. 
Arranging them with reference to a;, they become 
cs^+{hy+f)x+af+dy+g-0, 

Now, if the co-efficients of a;* in the two equations were the same, 
wo could, by subtracting one equation from the other, obtain an 
equation of the first degree in a?, which could be substituted for one 
of the proposed equations ; from this equation, the value of x could 
be found m terms of y^ and by substituting this value in one of the 
proposed equations, we would obtain an equation mvolving only the 
imknown quantity y. 
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fiy multiplying the -fiwt equatioir by c*, and the second by c, they 
become 

ccV+(^'y+/)c«+(ay+dV+^)c=0, 

and these equations, in which the co-efficients of a* are the same, 
may take the place of the preceding. 
Subtracting one from the other, we have 

which gives 

{ea'^ac')f+(cd'^dc^)y+cg'^gcf 

This expression for «, substituted in one of the proposed equa- 
tions, will give a^noZ egiMcfton, involving y* 

But without effecting this substitution, which would lead to a very 
complicated result, it is easy to perceive that the equation involving 
y will be of the fourth degree ; for the numerator of the expres- 
sion for X being of the form m^+ny+Pf its square, or the expres- 
sion for Q^f is of the fourth degree. Now this square forms one of 
the parts of the result of the substitution. 

Therefore^ in general, Ae resolution of two equaUona of the se- 
cond degreSf invdving two unknown quantiUeSf depends upon that of 
an equation of the fourth degree^ involving one unknown quantity. 

153. There is a class of equations of the fourth degree, that can 
be resolved in the saftie* way as equations of the second degree ; 
these are equations of the form (x^+p3i^+q=0. They are called 
trinomial equations, because they contain but three kinds of terms ; 
viz. terms involving a?*, those involving «", and terms entirely known. 

In order to resolve the equation x^+pa^+q=Oy suppose a!*=y, 
we have 



'^^i^ 



y"+lV+«=0, whence ya=— — =fcV -?+■ 
But the equation a^=y, gives a?=sdb i/y. 
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Hence, a?=±V -|-=fc\/-?+^. 

We perceive that the unknown quantity has four values, since 
each of the signs + and — , which affect the first radical, can be 
combined successively with each of the signs which affect the se- 
CQnd ; hU these values taken two and two are equals and have contra^ 
ry signs. 

Take for exampte the equation op*— 25a^= — 144 ; 

by supposing «"=y, it becomes y*— 25y=— 144; 

whence j^=16, j^=9. 

Substituting these values m the equation a^=2^ there will result 

1st. «"=16, whence a?=±4; 2d. s^=z%, whence aj==fc3. 

Therefore the four values are +4, —4, +3 and —3. 
' Again, take the equation a?*— 7a?=8. Supposing a!'=y, the 
equation becomes y*— 7y=8; whence y=8, y=— 1. 

Therefore, 1st. ic*=8, whence a;=±2v/2; 2d. «*= — 1 ; 
whence ar=ifc \/— 1 ; the two last values of x are imaginary. 
Let there be the algebraic equation a;*— (23c+4a^)a;*=— J'c' ; 
taking a!^=y, the equation becomes y"— (25c+4a')y =— ^c* ; 

from which we deduce y= Ic + 2a^dt2a Vbc + a*. 

And consequently ffrrrdzy/ ^c + 2flr*d=2a V&c + a^ 

154. Every equation of the form i^"+py"+q=09 in which the 
exponent of the unknown quantity in one tern) is double that of the 
other, may be solved by the rules for equations of the second degree. 

For, put y"=a^ then y"'*=ar*, and t^^+py^+q^sx^+px+q^O. 

Hence x = ^-^±\/ ^q+^, 



Or 



And y Js/^^±s/I^. 
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Extraction of the Square Root of Binomials of the form 
a =bV37 

155. The resolution of trinomial equations of the fourth degree, 
gives rise to a new species of algebraic operation : viz. the extrac- 
tion of the square root of a quantity of the form adb Vbi a and h 
being numerical or algebraic quantities. 

By squaring the expression 3dc V^ we have 

(8± -v/T)*:t=9=fc6 VT+5=14=ii6 VTI 

hence, reeiprocdUp \/ 14±6 -/T=8± V^ 
In like manner, (^/7±^/ll)»=7±2^/7xVll+l^ 

=18±2V77. 

Hence reciprocally Vl8±2 -v/77= -/Ti ^/ll. 

Whence we see that an expression of the form Vadc >/6, may 
sometimes be reduced to the form a'dc ^/V or \/a'=ii V^' ; and 
when this transformation is possible, it is advantageous to effect it, 
since in this case we have only to extract two simple square roots, 

whereas the expression Va±i>/b requires the extraction of the 
square root of the square root. 

156. If we let p and q denote two indeterminate quantities, we 
can always attribute to them such values as to satisfy the equations' 

Va+ i/6= p+g (1). 

Va— . ^h^p-^q ...... (2). 

These equations, being multiplied together, give 
V^F^l^f^f (3). 

Now, if p and q are irrational monomials involving only single ra- 
dicals of the second degree, or if one is rational and the other irration- 
al, it follows that p* and ^ will be rational ; in which case, ^-^f^ 

or its value, VfJ^—h, is necessarily a rational quantity, or a*— ^ is 
a perfect square. 
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When this is the case, the tran^ormation can always be effected. 

For, take a*— i, a perfect square, and suppose Vc^-^l^c ; the 
equation (8) becomes 

Moreover, the equations (1) and (2) being squared, give 

whence, by adding member to member, 

f+t-=-a (4); 

but jf-^f^ze (5). 

Hence, by adding these last equations, and subtracting the 8e- 
cond boax the first, we obtain 

and consequently, < 

Therefore, 

Va+y/b, or |>+gf=± V -g-iV -g-* 

Va^y/b, or p-.j=±V -g-=FV -g-; 

VM:;7r=d=(v^+ v^) .... w, 

V^W*=d:(V^-V^)....(7). 

These two formulas can be verified ; for by squaring both mem- 
bers of the first, it becomes 

, a+c a— c , /a*— c* . 

but the relation V(i^—h=c^ gives i^sza'-^b. 



or 
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Hence, a+ y/bz=za+ Va^^€^+b=:a+ y/h. 

The second formula can be verified in the same manner. 

157. Rexabk. As the accuracy of the formulas (6) and (7) is 

proved, whatever may be the quantity c, or Va"— ^, it follows, 
that when this quantity is not a perfect square, we may still replace 

the expressions Va+^b and Va— \/3, by the second members 
of the equalities (6) and (7) ; but then we would not simplify the 
expression, since the quantities p and q would be of the same form 
as the proposed expression. 

We would not, therefore, in general, use this transformation, 
unless c^^h is a perfect square* 

EXAMPLES. 

168. Take the numerical expression 94+42 y/hj which reduces 

to 94+ -/8820. We have 

a=:94, 3=:=8820, 

whence c= Va^^b^z V8836— 8820=^4, 

a rational quantity ; therefore the formula (6) is applicable to this 
case. 
It becomes 

or, reducing, =:±( -v/49+ ViS) ; 

therefore, V94+42 >/6= ±(7+8 ^6). 

In fact, (7+8 ^/5)•=49+45+42 ^/5=94+42 y/^. 

Again, take the expression 

\/ iip+2»i*— 2m -/np+OT*; 
we have a=np+2m', i=4m*(np+»i*), 

c or V<^— 5=1^ ; 



Digitized by 



Google 



168 AI.OEBRA. 

therefore the formula (7) ia applicable. It gives for the required 
root 

or, reducing, ±( Vnp+m^—m). 

In fact, ( Vnp+OT^— »i)*=np+2»i»— 201 \/^+«?. 
For another example, take the expressicm 

V 16+80 >/iri+\/l6-30 -/^ 
and reduce it to its simplest terms. By applying the preceding 
formulas, we find 

V 16+30 '/-l=5+3 V^ V16-8O -/IT=5-3 -v/^i; 

Hence, \/l6+30 -/^+ V 16-30 -/^TzzrlO. 

This last example shows, better than any of the others, the utili- 
ty of the general problem ; because it proves that imaginary eX" 
pressiofu combined together, niay produce real^ and even rational 
results. 



V 28+10 VT=5+ VT; V 1+4 V -3 =2+ V^TsT 

\/hc+2h V bc-t^ +\/ hc-'^b '>/hc^W^±.U\ 

V/ 0*4 4c"— <P+2 VAaJK^'-aM^— Vab-y V4c«-(P. 

Examples of Equations of the Second Degree^ which eitlier 
involve Radicals, or two unknown quantities. ■ 



2a» 



1. Given x+ V<i^+af^ = — ; to find a?, 

Va^+sc' 

X 'v/?+ic»+a"+.T«=:2a» 

a; V?+5Q:o*— a by transposing. 
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A?+af*=a* — 2aV+a?*, by squaring. 



or a?=±^ 

o 

2, Given V— +^— V — -i«=i to find x. 

\/^+h'^\/—-^h'+h, by transposing. 






hence 



or 



y=2iN/J-M, 
3=2\/^ 



hence ^=--^i — 4 J*. 



"^^^W 



a?=db- 



4a» 
2a 



hVT* 



a V o^ — ic« jB 
8. Given — I =-7- to find «. 



4. Given — ^=48 



Ans. «=db V2aJ-A» 



and 



V7 



to find X and y. 



Dividing the first equation by the second, we have 
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y 



^/Y^% or jha4. 



Whence from the second equation 
hence \/T=6 and a?= 

6. Given ^ ^ 



4jB 



=4 VT=24, 




(>=Fl)'* 



6. Given c + VJqr+y = lo ) 

and ««+ *y+^=188i *<> find. and jf. 

Dividing the second equation by the first, we have 

2a;+i^=26 by addition, 
«+ y=13 

V^+13=19 by substituting in the 1st eq, 
or • • • • V^= 6 
and • , • • «3f=39 
From 2d equation, ft^+cy+^srlSa 
and from the last Soy =108 

Subtracting • • a^— 2a^+^= 25 
Hence . . . . • a?— y==b 5 

But «+y= 13 

Hence • • «=9 or 4; and y=4 or 9. 



but 

hence 
or 

and 



7. Given 



»— V a*— a^ 



a+ V'"S»II?' 



=^, to find a;* 



An8. «=sdb 



2flv2 
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8, Given — ;:= \ ■ ■ =— — - to find ar. 



^. Va+x Va—x J. /IT ^ , 

9. Given 7=-H =r-= v -r* to find a?. 

V« -•« * 

( «=:2 or 1 
' y=:l or 2. 

( («■— y*)(«— y)= 576. ) 

(«=r:ll or 5 
( 3fr=5 or 11. 

,^ ^. «+«+ V2a«+«« , ^ , 

12. Given ; —=it to find a?. 

a+x 

Am. a?= , — • 

-/2F=F 

18. Given j *'+«+y=^®-3^ | ^ find x and y 

(a;=s8 or 2 or — 8db -/T 
-^**'* I y=2 or 8 or -8=p VT. 

14. Givra the sum of two numbers equal to a, and the sum of 

their cubes equal to c, to find the numbers 

( X '{•y ^a 
By the conditions i _3 , ^_ 

Putting «=«+% and y=zs^Zf we have a=B2s, 

"**^ • • • • { y»=j»^8A+8«'-»» 
Hence, by addition, a?+3/*=2a* +6«s*=c 
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C— 2«' . /c— 2jr* 

Whenco «■= — r ^^ «=db\/ — ^ ^ 



«=*±V ^ ; and y=*:pV ^ » 
Or by putting for « its value, 



c — r 






4c— a? 




12a 



QUESnOHS* 

1. There are two numbers whose difference is 15, and half their 
product is equal to the cube of the lesser number. What are those 
numbers? An«. 8 and 18. 

2. What two numbers are those whose sum, multiplied by the 
greater, is equal to 77 ; and whose difference, multiplied by the 
lesser, is equal to 12 ? 

Am. 4 and 7, or ) \/2 and y \/2. 
8. To divide 100 into two such parts, that the sum of their square 
roots may be 14. Am, 64 and 86. 

4. It is required to divide the number 24 into two such parts, that 
their product may be equal to 85 times their difference. 

Am. 10 and 14. 

5. The sum of two numbers is 8, and the sum of their cubed is 
152. What are the numbers ? Am. 8 and 5. 

6. The sum of two numbers is 7, and the sum of their 4th powers 
is 641. What are the numbers? Am. 2 and 5. 

7. The sum of two numbers is 6, and the sum of their 5th pow- 
ers is 1056. What are the number^? Am. 2 and 4. , 

8. Two merchants each sold the same kind bf stuff; the second 
sold 3 yards more of it than the first, and together, they receive 8& 
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crowns. The first said to the second, I would have received 24 
crowns for your stuff; the other replied, and I would have received 
12^ crowns for yours. How many yards did each of them sell ? 
( 1st merchant a;=sl5 x=:5 > 

( 2d . . . y=18 y=:8. > 

9. A widow possessed 13,000 dollars, which she divided into 
two parts, and placed them at interest, in such a manner, that the 
incomes from them were equal. If she had put out the first por- 
tion at the same rate as the second, she would have drawn for this 
part 360 dollars interest ; and if she had placed the second out at 
the same rate as the first, she would have drawn for it 490 dollars 
interest. What were the two rates of interest ? 

Am. 7 and 6 per cent 



CHAPTER IV. 

Of Proportions and Progressions. 

159. Two quantities of the same kind may be compared together 
in two ways : — 

1st. By considering haw much one is greater or less than the 
other, which is shown by their difference ; and 

2ndly. By considering how many times one is greater or less than 
the other, which is shown by their quotient. 

Thus, in comparing the numbers 3 and 12 together with respect 
to their difference, we find that 12 exceeds 3 by 9; and in com- 
paring them together with respect to their quotient, we find that 
12 contains 3 four times, or that 12 is 4 times as great as 3. 

The first of these methods of comparison is called Arithmetical 
Proportion^ and the second. Geometrical Proportion. Hence, 
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ArUhmetical Froportion ccnnders the rekntion of quimtities wUh 
respect ta their diffe0^ence, and Geometrical Prepcftum the rdatum of 
quantities with, respefii to their quatietU. 



Of Arithmetical Proportion and Progression* 

160. If we have four numbers, 2, 4, 8, and 10, of which the 
difference between the first and second is equal to the difference 
between the third and fourth, these numbers are said to be in 
arithmetical proportion. The first term 3 is called an cmtecedent^ 
and the second term 4, with which it is compared, a consequent. 
The number 8 is also called an antecedent, and the number 10; 
with which it is compared, a consequent. 

161. When the difference between the first antecedent and con- 
sequent is the same as between any two adjacent terms of the 
proportion, the proportion is called an arithmetical progression. 
Hence, a progression by differences, or an arithmetical progression^ 
is a series in which the successive terms continually increase or 
decrease by a constant quanjtity, which is called the common differ* 
ence of the progression. 

Thus, in the two series 

1, 4, 7, 10, 13, 16, 19, 22, 25, . . . 
60, 66, 52, 48, 44, 40, 36, 32, 28, . . . 

the first is called an increasing progression, of which the conmion 
difference is 3, and the second a decreasing progression, of which 
tHe common difference is 4. 

In general, let a, b, c, d, e,f, . . . designate the terms of a pro- 
gression by differences ; it has been agreed to write them thus : 

a .b . c . d , e .f.g *h .i .k . . . 

Tliis series is read, a is to 5, as & is to c, as c is to df, as (2 is tq 



Digitized by 



Google 



ARITHMETICAL PROGRESSION. 175 

e, itc. Thi3 is a sehe^ of cmiinued equudifferences, m which 
each term is at the same time a consequent and antecedent, with 
the exception of the first term, which is only an antecedent, and the 
last, which is only a consequents 

162. Let r r^resent the comnMm difference of the progression 

a .b . e . d . e •/. g . h, S^, 

which we will consider increasing. 
From the defixution of the progression, it evidently follows that 

J=tf+r, c=h+r=a+2r, (l=c+r=a+3r; 

and in general, any term of the series, is equal to the first term 
plus as many times the common difference as there are preceding 
t$rms. 

Thus, let I be any term, and n the number which marks the 
place of it, the expression for this general: term, is 

i=(i+(n-l)r. 

That is, the last term is equal to the first term, plus the product 
of the common difference (y the number of tertas less one. 

If we make n=:l, we have 2^a ; that is, the series will have 
but one term. 

If we make n=2j we have l-=za'\-r\ that is, the series will 
have two terms, and the second term is equal to the first plus the 
common difference. 

EXAMPLES. 

1. If a=:3 and r=2, what is the 3rd term? Ans. 7. 

2. If a=5 and r=4, what is the 6th term? Ans. 25. 

3. If tf=7 and r=5, what b the 9th term? Ans. 47. 

The formula Z=a+(n— l)r, serves to find any term whatever, 
without our being obliged to determine all those which precede it 
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Thus, by making n=50, we find the 50th term of the progression, 
1 . 4 . 7 . 10 . 13 . 16 . 19 . . . . in which Z=l+49x3=148. 
The 60th term of the progression, 

1 . 5 . 9 . 13 . 17 . 21 . 25 . . . . gives i=l+69x4=237. 

163. If the progression were a decreasing one, we should have 

/=a-.(n-.l)r. 

That is, in a decreasing arithmetical progression^ the last term is 
equal to the first term minus the product of the common difference by 
the number of terms less one, , 

EXAMPLBS. 

1. The first term of a decreasing progression is 60, the nmnber 
of terms 20, and the common difference 3 : what is the last term t 

fc=:a-(n-l)r gives /=60— (20-1)3=60-57=3. 

2. The first term is 90, the common difference 4, and the nmn- 
ber of terms 15 : what is the last term? Ans. 34. 

3. The first term is 100, the number of terms 40, and the com- 
mon difference 2 : what is the last term ? Ans. 22. 

164. A progression hj differences being given, it is proposed to 
prove that, the sum of any two terms, taken at equal distances from 
the two extremes^ is equal to the sum of the two extremes. 

Let a .h , c , d , e ,f , , . . t . A . / be the proposed progres- 
sion, and n the number of terms. 

We will first observe that, if x denotes a term which hasp terms 
before it, and y a term which has p terms after it, we have, from 
what has been said, aj=o+pxr, 

and y=Z— /)Xr; 

whence, by addition, a?+y=a+t, 

which demonstrates the proposition. 
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This being proved, write the progression below itself, but in 
an inverse order, viz., 

a ,b .e . d . e ./ * • . . i . k .1. 
I ,k .i e .b . a. 

Calling iS the sum of the terms of the first progression, 2S will 
be the sum of the terms in both progressions, and we shall have 

2S=z(a+l)+(h+k)+(c+i) . . . +{i+c)+{k+b)+(i+a). 

Now, since all the parts a+l, b+k^ e+i .... are equal to 
each other, and their number equal to n, 

2S=(a+i)n, or 5=^5±iy 

That is, the sum of the terms of an arithmetical progression is 
equal to half the sum of the two extremes multiplied by the number 
of terms, 

1. The extremes are 2 and 16, and the number of terms 8: 
what is the sum of the series ? 



Sz 



=(^-^jXn, gives iSf=-:^x8=72. 



2. The extremes are 3 and 27, and the number of terms 12 : 
what is the sum of the series ? Ans, 180. 

3. The extremes are 4 and 20, and the number of terms 10 : 
what is the sum of the series ? Ans, 120. 

16(5. The formulas 

/=a+(»-l)r and fif=^?±*)xn 

contain five quantities, a, r, n, Z, and S^ and consequently give rise 
to the following general problem, viz. : Any three of these five 
quantities being gioen^ to determine the other two, 
12 
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We already know tke value of iS in terms of a, n^ «BEd n 
From the formula /=«+(»— l)r, we fiad 

That is, the first term of an increasing arithmetical progression is 
equal to the hutterm^ minus the product of the common difference by 
the number of terms less one. 

From the same formula, we also find 

That is, in any arithmetical progression, the common difference is 
equal to the difference between the two' extremes divided by the namr 
ber of terms less one. 

1. The last term is 16, the first term 4, and the number of terms 
5 : what is the comimon difference ? The fcurmula 

/—a 16--4 .„ 

r= gives r=z — - — =3. 

n— 1 ® 4 

2. The last term is 22, the first term 4, and the number of terms 
10 : what is the common difference ? Ans. 2. 

166. The last principle affords a solution to the following 
question : 

To find a number m of arithmetical means between two given 
numbers a and b. 

To resolve this question, it is first necessary to find the common 
difference. Now we may regard a as the first term of an arith- 
metical progression, b as the last term, and the required means as 
intermediate terms. The number of terms of this progression will 
be expressed by m+2. 

Now, by substituting in the above formula, b for I, and m+2 
for n, it becomes 
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*•= — rr: — t-> or r= 



'm+2-r m+i ' 

that is, the common differetiee of the required progression is obtained 
by dividing the difference between the given numbers a and &, by 
one more than the required number of means. 

Having obtained the common difference, form the second term 
of the progression, or the first arithmetical m^ofi, by adding r, or 

— TT' ^ the first term a. The second mean is obtained by aug- 
m-|-l 

menting the first by r, &c. 

1. Find 3 arithmetical means between the extremes 2 and 18. 
The formula 

h-^a 
''■"m+1 

hence, the progression is 

2 . 6 . 10 . 14 . 18. 

2. F^nd 12 arithmetical means between 12 and 77. The 
formula 



Hence the progression is 

12 . 17 . 22 . 27 72 . 77. 

167. Remark. If the same number of arithmetical means are 
inserted between all of the terms, taken two and two, these terms^ 
and the arithmetical means united, will form but one and the same 
progression. 

For, let a . & . c « d . e ./ . . . . be the proposed progression^ 

and m the number of means to be inserted between a and h, h and Cy 

c and d . . . . 
12* 
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From y^hsLi has just been said, the common difference of «ach 
partial progression will be expressed by 



m+1 • m+1 ' m+1 * * ' *' 

which are equal to each other, since a, 5, c . . . are in progres- 
sion : therefore, the common difference is the same in each of the 
partial progressions ; and since the last term of the first, forms the 
first term of the second, &c, we may conclude that all of these 
. partial progressions form a single progression. 

EXAMPLES. 

1. Find the sum of the first ^j terms of the progression 
2 . 9 . 16 . 23 . . . 

For the 50th term we have 2=2 + 49 X 7=345. 

50 
Hence, S=:(2+345) x— =347X25=8675. 

2 

2. Find the 100th term of the series 2 . 9 . 16 . 23 . . . 

Ans. 695. 
^. l^ind the sum of 100 terms of the series 1.3.5.7.9... 

Ans, 10000. 
4. The greatest term is 70, the conunon difference 3, and the 
, number of terms 21 : what is the least term and the sum of the 
.series? Ans, Least term 10 ; sum of series 840. 

.5. The first tterm of a decreasing arithmetical progression is 10, 

the common difference — , and the number of terms 21 : required 
o 

the sum of the series. Ans. 140. 

6. In a progression by differences, having given the common 
^difference 6, the last term 185, and the suid of the terms 2945 : 
find the first term, and the number of terms. 

Ans. First term =r5 ; number of terms 31. 
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7. Find 9 arithmetical means between each antecedent and 
consequent of the progression 2.5.8.11.14 . . . 

Ans. Ratio, or r=0,3. 

8. Find the number of men contained in a triangular battalion, 
the first rank containiftg 1 man, the second 2, the third 3, and so 
on to the n*, which contains n. In other words, find the expres- 
sion for the sum of the natural numbers 1, 2, 3 . . ., from 1 to n, 

inclusively. Ans. S^-^-— — -. 

2 

9. Find the sum of the n first terms of the progression of uneven 
numbers 1, 3, 5, 7, 9 . . . Ans. S=:n\ 

10. One hundred stones being placed on the ground, in a straight 
line, at the distance of 2 yards from each other, how far will a 
person travel, who shall bring them one by one to a basket, placed 
at 2 yards from the first stone? Ans. 11 miles, 840 yards. 

I . ^ " ,J .'J ^ • H. V .^ '-'l . /. ^i± \ / '<> ^ * ' 

Geometrical Proportion and Progression, 

168. Ratio is the quotient arising from dividing one quantity by 
another quantity of the same kind. Thus, if A and B represent 
quantities of the same kind, the ratio of ^ to B is expressed by 

£ 

X 

169. If there be four magnitudes, A, B, C, and />, having such 
values that 

B D 

then A is said to have the same ratio to B, that C has io D; or, 
the ratio of ^ to B is equal to the ratio of C to D. When four 
quantities have this relation to each other, they are said to be in 
proportion. Hence, proportion is an equality of ratios. 
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To express that the ratio of il to fi is equal to the ratio of C 
to Dj we write the quantities dius, 

A : B :: C : D. 

and read, A is to ^, as C to i>. 

The quantities which are compared together are called the temUf 
of the proportion. The first and last terms are called the two ex» 
tremeSy and the second and third terms the two means. 

170. Of four proportional quantities, the first and third are called 
the antecedents^ and the second and fourth the consequents ; and the 
last is said to be a fourth proportional to the other three taken in 
order. 

171. Three quantities are in pr^wrtion when the first has the 
same ratio to the second that the second has to the third ; and then 
the middle term is said to be a mean proportional between the other 
two. 

172. Quantities are said to be in proportion by inversion^ or m- 
verselyj when the consequents are made the antecedents and the 
antecedents the consequents. 

173. Quantities are said to be in proportion by alternation^ or 
altemateHy, when antecedent is compared with antecedent and 
consequent with consequent. 

174. Quantities are said to be in proportion by eon^Hmtum, 
when the sum of the antecedent and consequent is compared either 
with antecedent or consequent. 

175. Quantities are said to be in proportion by dmsian^ when 
the difference of the antecedent and consequent is compared either 
with antecedent or consequent. 

176. Equi-multiples of two or more quantities are the products 
which arise from multiplying the quantities by the same number. 
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T 

Thus, mxA and mx^ are equi-multiples of A and B^ the com- 
mon multiplier being m. 

177. Two quantities, A and B\ are said to be reciprocally 'pro- 
portionalf or inversely proportional, when one increases in tlie same 
ratio as the other diminishes. When this relation exists, either 
of them is equal to a constant quantity divided by the other. 

178. If we have the proportion 

A : B :: C : D, 

B D 
we have T~'c' ^^^' ^^^^ ' 

and by clearing the equation of fractions, we have 

BC^AD; 

that is, of four proportional quantities, the product of the two «:r- 
tremes is equal to the product of the two means, 

179. If four quantities,. A, B, C, and Dy are so related to each 
other that 

ilXl>=SxC, 

we shall also have — =.^, 

A O 

and hence, A t B : : C : B; 

that is, if ike prodsuet ofiiwo qitantiUes is equai. to the product of two 
other quantiiiesy two of them may he made the etetremes, and the other 
two tlie means of a propartimL 

180. If we have three proportional quantities 

A : B :: B : C, 
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, B C 

we have T"^* 

hence, B^=zAC; 

that is, the square of the middle term is equal to the product of the 
two extremes. 

181. If we have 

A : B : C : D and consequently, -t="c* 

Q 

multiply both numbers of the last equation by -^, we obtain 

CD 

and hence, A i C \i B i D\ 

that is, if four quantities are proportional^ they witt be in proportion 
hy ahemation* 

182. If we have 

A : B :: C : D zni A : B : : E : F^ 

we shall also have 

B D ^ B F 

A^c "^* T=¥-' 

D F 
hence, c"^"e ^^^ C : D : : E : F. 

That is, if there are two sets of proportions having an antecedent 
4fnd consequent in the one equal to an antecedent and consequent of 
the other, the remaining terms wiU be proportional, 

183. If we have 

B D 
A : B : : C i D and consequently -j=-^> 
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we have, by dividing 1 by each member of the equation, 

-5-=s-=r-, and consequently B i A : : D : C. 

That is. Four proportional quantities wiU he inproporHon^ when taken 
inverselff (Art. 172). 

184. The proportion 

A : B :: C : D gives AxDz=:BxC. 

To each member of the last equation add BxD. We shall then 
have 

{A+B)xD={C+D)xBi 

and by separating the factors, we obtain 

A+B : B :: C+D : D. 

If, instead of adding, we subtract BxD from both members, we 
have 

which gives A-^B : B : : C-^D : D. 

That is, If four quantities are proportional, they wiU be in propot' 
tion by compassion or dioision. 

185. If we have 

B_D 
A'^'C' 

and multiply the numerator and denominator of the first member 
by any number m, we obtain 

— r-=-7T a*>d mA : mB : : C : D; 
tnA C 

that is, Equal multiples of two quantities have the same ratio as the 
quantities themselves. 
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186. The proportious 

A : B :: C : D and A : B : : E i F, 
give AxD=BxC and AxF=zBxEi 

adding and sufotiaoting these equations, we obtain 

A(D±F)z:zB{C±E), or A : B : C±E : DztF. 

That is, If C and D, the antecedent and consequent be augmented or 
diminished by quantities £ and F, which have the same ratio as C 
to D, the resulting quantities will also have the same ratio. 

187. If we have several proportions 

A : B :: C : D, which gives AxD=BxC, 
A : B :: E : Fr „ „ AxFzzzBxE, 
A : B :: G: H, „ „ AxHz=BxG, 

we dhall have by addition 

A{D+F+H)=zB{C+E+6)i 
and by separating the factors 

A : B : C+E+G : D+F+H 

That is, In any nurnber of proportions having the same ratio^ any 
antecedent will be to its consequent, as the sum of the antecedents to 
the sum of the consequents. 

188. If we have four proportional quantities 

B D 
A : B : : C : D, we have -r-£=-7=-; 

and raising both members to any power, as n, we have 

B^ D" 
A- "^ C- ' 

and consequently A" : B" : : C : D*. 
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Tliat is, If four quantities are proportionaly any like powers or roots 
unU be proportional, 

189. Let there be two sets of proportions, » 

B D 
A I B : : C : D^ which gives --st-t^, 

A O 

E : F : : G : Hy „ „ '^^'q' 

Multiply them together member by member, we have 

4C-=^, which gives AE : BF : : CG : DH. 

That is, In two sets of proportional quantities, the products of the 
correspondmg terms will be proportional. 

190. In the proportions which have been considered, it has only 
been required that the ratio of the first term to the second should 
be the same as that of the third to the' fourth. If we impose the 
foither conditSott, that the ratio of the second to the third shall also 
be ihe same as that of the first to the second, or of the third to the 
fourth, we shall have a series of numbers, each one of which, 
divided by the preceding one, will give the same ratio. Hence, if 
any term be multiplied by this quotient, the product will be the 
succeeding term. A series of numbers so formed is called a 
geometrical progression. Hence, 

A Geometrical progression, or progression by quotients, is a series 
of terms, each of which is equal to the product of that which pre- 
cedes it, by a constant number, which number is called the ratio 
of the progression. Thus, in the two series, 

8, 6, 12, 24, 48, 96, . . . 
64, 16, 4, 1, — , — > • • • 

each term of the first contains that which precedes it twice, or is 
equal to double that which precedes it ; and each term of the second 
is contained in that which precedes it four times, or is sl fourth of 
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that which precedes it. These are geometrical progressions. In 
the first, the ratio is 2 ; in the second, it is j>. The first is called 
an increasing progression, the second a decreasing progression. 

Let a, h, c, d, e,ft . . . be numbers in a progression by qao* 
tients : they are written thus : 

a : b : c : d : e : f : g , . » 

and it is enunciated in the same manner as a progression by dif- 
ferences. It is necessary, however, to make the distinction, that 
one b a series of equal differences, and the odier a series of equal 
quotients or ratios. It should be remarked that each term is at the 
same time an antecedent and a consequent, except the first, which 
is only an antecedent, and the last, which is only a consequent. 

191. Let q denote the ratio of the progression 

a : b : c : d • . .; 

q being >1 when the progression is increasing^ and ^<1 when 
it is decreasing. We deduce from the definition the following 
equations : 

5=0^, c=bq=:aq\ d=cqz=:a^f e=zdq=s:aq^ . . .; 

and in general, any term n, th^t is, one which has n— 1 terms 
before it, is expressed by ag^"^. 

Let I be this term ; we have the formula lzsza^''\ by means of 
which we can obtain any term without being obliged to find all the 
terms which precede it. That is, the last term of a geometrical 
progression is equal to the first term multiplied by the ratio raised to 
a power whose exponent is one less than the number of terms, 

1. Find the 5th term of the progression 2 : 4 : 8 : 16, &c, 
in which the first term is 2 and the common ratio 2. 

6th term =2 X2*=2 X 16=32. 

2. Find the 8th term of the progression 2 : 6 : 18 : 54 • • • 

8th term =2 X3''=2x 2187=4374. 
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3. Find the 12th term of the progression 

64 : 16 : 4 : 1 : -^ . . 

4 

(1 \" 4* 1 1 

— ) =-V-=4-= — ' — ^ 
4/ 4" 48 65536 

192. We will now proceed to determine the smn of n terms of 
the progression 

a : b : e : d : e : f :.,.:%: k : If 

I denoting the nth term. 

We hare the equations (Art. 191), 

h=:aqi e=hqf ds=cq, evszdq^ • • . ^=17, l^1sq\ 

and by adding them all together, member to member, we deduce 

h+c+d+e+ . . . +k+l={a+b+e+d+ . . . +i+%; 

or, representing the required sum by S, 

S— a=(S— ^sSgr— Zy, or Si^— S=2gr— a; 

Iq—a 



whence S=- 



q-l 



That is, to obtain the sum of the terms of a progression by quo** 
tients, multiply the last term by the ratioy subtract the first term 
from this product^ and divide the remainder by the ratio diminished 
by unity. 

1. Find the sum of eight terms of the progression 

2 : 6 : 18 : 54 : 162 . . . : 2x3''=s4374, 

- Iq-a 13122-2 ^.^^ 

S=--2 — ^=: =6560. 

^—1 2 



Digitized by 



Google 



190 AX^EBRA. 

2. Find the sum of the pragressipn 

2 : 4 : 8 : 16 : 32. 

y-1 1 

3. Find the sum of ten terms of the progression 

2 : 6 : 18 : 54 : 162 . . . 2x3»=3^66. 

Ans. 69048. 

4. What debt may be discharged in a year, or twelve months, 
by paying $1 the first month, $2, the second month, $4 the third 
month, and so on, each succeeding payment being double the last ; 
and what will be: the. last payment ? 

' Ans. Debt, $4095 ; last payment, $2048. 

5. A gentleman married his daughter on New Year's day, and 
gave her husband U. towards her portion, and was to double it on 
the first day of every month during the year: what was her 
portion ? Ans. i;204 1^^. 

6. A man bought 10 bushels of wheat on the condition that he 
should pay 1 cent for the 1st bushel, 3 for the second, 9 for the 
3rd, and so on to the last : what did he pay for the last bushel and 
for the ten bushels ? 

Ans. Last bushel $196,83 ; total cost $295,24. 

193. When the progression is decreasing, we have g<l and 
2<a ; the above formula for the sum is then written under the form 

S=— - — ^, in order that the two terms of the fraction may be 

positive. 

By substituting a^"^ for I in the expression. for S, it becomes 

S=<=1. or S=.^I221. 

q-1 1-q 
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1. Find the sum of the:tQnns of the progression 

32 5 16 : 8 : 4:2. 

, 32— 2 X— ot 

1— 5' Jl_ -1^ 

2 2 

2. Find Ae sum of the first twelve terms of the progression 



1 ../1\" 



64 : 16 : 4 : 1 : 4- : . . • : 64^—") , 



or 



4 V4y 6&536 

64-- ^-i--.x4- 256- ^ 



g_ «-^ _ ^S536^4 _ 66536 _ 65535 

- l-q "" _3_ "" 3 " ^196608* 

4 

We petceire that the principal di^culty consists in obtaining 
the numerical value of the last term, a tedious operation, even 
when the number of terms is not very great. 

194. Remark. If, in the formula S= , » we suppose 

^=1, it becomes Sss— . 

This result, which is sometimes a S3rmbol of indetermination, 
is also often a consequence of the existence of a common factor 
(Art. 113), which becomes nothing by making a particular hypo- 
thesis respecting the given question. This, in fact, is the case in 
the present question; for the expression ^—1 is divisible by 
■ ^— l,(Art. 59), and gives the quotient 

hence the value of S takes the form 

Now, making ^—1, we have 

S=a+a+a+ . , . +azatna. 
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192 ALGBBRA. 

We can obtain the same result by going back to the proposed 
progression a : b : c : . . . : l^ which^ in the particular case 
of q=l, reduces to a : a : a i . . . : a^ the sum of which 
series is equal to na. 

The result — , given by the formula, may be regarded as in- 
dicating that the series is characterized by some particular pro- 
perty. In fact, the progression, being entirely composed of equal 
terms, is no more a progression by quotients than it is a progres- 
sion by differences. Therefore, in seeking for the sum of a cer- 
tain number of the terms, there is no reason for using the formula 

S=s ' 1 » ^ preference to the formula 8=^ — 9^* which 
gives the sum in the progression by differences. 

Cf Progressions having an infinite number of terms. 
195. Let there be the decreasing progression 
a I i \ e I d X e I J I •••! 
containing an indefinite number of terms. The formula 

which represents the sum of n of its terms, can be put under the 

form 

a aq'' 

D=- . 

Now, since the progression is decreasing, ^ is a proper fraction , 
and ^" is also a fraction, which diminishes as n increases. There- 
fore the greater the number of terms we take, the more will 

X^ diminish, and consequently the more will the partial 

sum of these terms approximate to an equality with th^first part 

of S, that is, to •; . Finally, when n is taken greater than 

1—^ 
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any given number, or n = od, then x y" will be less than 

any given number, or will become equal to ; and the expression 

will represent the true value of the sum of all the terms of 

the series. 

Whence we may conclude, that the expression for the sum of 
the terms of a decreasing progression^ in which the number of terms 
is infinite, is 

l-jf 

This is, properly speaking, the limit to which the partitd sums 
approach, by taking a greater number of terms in the progression. 

The difference between these sums and •; can become as 

small as we please, and will only become nothing when the number 
of terms taken is infinite. 

EXAMPLES. 

1. Find the sum of 

We have for the expression of the sum of the terms 

\ J_ 

'l-q^ , 1 -"2- 



The error committed by taking this expression for the value of 
the sum of the n first terms, is expressed by 







First take n=5 ; it becomes 

3 / 1 \* 1 1 



2V3/ 2.3* 162' 
13 
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When n=^6, we find 

3/l\«_ 1 1 _ 1 

2 V 3 / 162 ^ 3 *" 486 ' 

3 
Whence we see that the errdr committed, when — is taken for 

the sum of a certain number of terms, is less in proportion as this 
number is greater. 

Again take the progression 

_ 1 1 1 1 1 . 

^ ' y T 'T • 16 ' 32 ' **" 

We have S=-^= — ^=2. 

196. The consideration of the five quantities a, q, n, Z, and S, 

which enter into the formulas /=ao^"i and S=-2 , 

y-1 

(Arts. 191 and 192),, give rise to several curious problems. 

Of these cases, we shall consider here only the most important 
We will first find the values of S and q in terms of a, /, and n. 

/ n-l// 

The first formula gives . . j""i= — , whence ^= \ / — . 

Substituting this value in the second formula, the value of S will 
be obtained. 

The expression q=z xi — furnishes the means for resolving 
the following question, viz. : 

To find m mean proportionals between two given numbers a and b ;, 
that is, to find a number m of means ^ which will form with a and b, 
considered as extremes, a progression hy quotients. 

For this purpose, it is only necessary to know the ratio. Now, 
the required number of means being m, the total number of terms 
is equal to f»+2. Moreover, we have lz=ih, therefore the value 
of q becomes q=: \J — ; that is, we must divide one of the 
given numbers (b) by the other (a), then extract that root of the 
quotient whose index is one more than the required number of means. 
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Hence, the progre^sioB is 

•HJ/5 -H-i/^ «H-l/i3 

«:«y^-.«y^-^:«y'-^:...J. 

Thjas, to insert six mean proportionals between the numbers 3 
and 384, we make m=6, whence 

whence we deduce the progression 

3 : 6 : 12 : iJ4 : 48 : 96 : 192 : 384, 
Remark. When the same nwnber of mean proportionals are in" 
serted between all the terms of a progression by quotients^ taken two 
and twoy all the progressions thus formed wUl constitute a single 
progression* 



CHAPTER V. 



Formation of Powersy and Extraction of Roots of any 

degree whatever. 

197. The resolution of equations of the second degree supposes 
the process for extracting the square root to be known ; in like 
manner the resolution of equations of the third, fourth, &c. degree, 
requires that we sbould know how to extract the third, fourth, &c. 
root of any numerical or algebraic quantity. 

It will be the principal object of this chapter to explain the rais- 
ing of powers, the extraction of roots, and the calculus of radicals. 

Although any power of a number can be obtained from the rules 

of multiplication, yet this power is subjected to a certain law of com-' 

position which it is absolutely necessary to know, in order to deduce 

the root from the power. Now, the law of composition of the square 

of a numerical or algebraic quantity, is deduced from the expression 

for the square of a binomial (Art. 117); so likewise, the law 
13* 
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of a power of any degree, is deduced from the same power of 
a bihomial. We will therefore determine ike development of and 
power of a hinomidl, 

198. By multiplying the binomial x+a into itself several times, 
the following results are obtained ; 

{x+a)=:x+a, 

(a?+a)*=aj»+5aa?*+10a*ar»+10a'«»+5a*a;+a» 

By inspecting these developments it is easy to discover a law ac- 
cording to which the exponents of x and a decrease and increase in 
the successive terms; it is not, however, so easy to discover 
a law for the co-efficients. Newton discovered one, by means of 
which, any power of a binomial can be formed, without first obtain- 
mg all of the inferior powers. He did not however explain the 
course of reasoning which led him to the discovery of it ; but the 
existence of this law has since been demonstrated in a rigorous 
manner. Of all the known demonstrations of it, the most elemen- 
tary is that which is founded upon the theory of combinations. How- 
ever, as it is rather complicated, we will, in order to simplify the ex- 
position of it, begin by resolving some problems relative to combi- 
nations, from which it will be easy to deduce the formula for the hi- 
nomialf or the development of any power of a binomial. 

Theory of Permutations and Combinations, 

199. Let it be proposed to determine the whole number of ways 
in which several letters, a, &, c, <2, &c. can be written one after the 
other. The results corresponding to each change in the position of 
any one of these letters, are called permutations. 

Thus, the two letters a and * f^imish the two permutations ah 
and ia. 
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In like manner, the three letters a, h^ c» furnish 
sue permutation^. 



dbc 
ach 
cab 
lac 
bca 
^cha 

Permutations, are the results oUamed hy vniUng a certain number 
of letters one after ike other^ in every possible order^ in such a man" 
ner that aU the letters shall enter into each result^ and each letter 
enter but once. 

Pkoblbx 1. To determine the number^of permutations cf which 
n letters are susceptible* 

In the first place, two letters a and b evidently 
give two permutations. 

Therefore, Uie number of permutations of two letters is 1 X^. 

Take the three letters a, (, and c. Reserve 
either of the letters, as c, and permute the other two, 
giving 

Now, the third letter c may be placed before ah^ 
between a and \ and at the right of ah ; and the 
same for ba : that is, in one of the first permutations 
the reserved letter c may have three different places^ 
giving three permutations. Now, as the same may 
be shown for each of the first permutations, it fol- 
lows that the whole number of permutations of three 
letters will be expressed by 1x2x3. 

If now, a fourth letter d be introduced, it can have four places in 
each of the six permutations of three letters : hence all the per- 
mutations of four letters will be expressed by IX^X^X^* 

In general, let there be n letters a, b, c, &c. and suppose the 
total number of permutations of n — 1 letters to be known ; and let 
Q denote that number. Now, in each of the Q permutations the 
reserved letter may have n places, giving n permutations ? hence, 



iab 
iba 



\ ab 
( ba 

cab 

acb 

dbc 

cba 

bca 

bae 
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whoD it 18 SO placed in all of them, the number of permutations will 
be expressed by Qxn, 

Let n=2. Q will then denote the number of permutations that 
can be made with a single letter ; hence Q= !» and in this particu- 
lar case we have Qxn=lX2* 

Let n=:8, Q will then express the number of permutations of 
3—1 or 2 letters, and is equal to Ix^* Therefore Qxn is equal 
to 1X2X3. 

Let n=4. Q in this case denotes the number of permutations 
of 3 letters, and is equal to 1x^X3. Hence, Qxn becomes 
IX^X^X^f And similarly when there are more letters. 

200* Suppose we have a number m, of letters a, h, c, df &c., if 
they are written one after the other, 2 and 2, 3 and 3, 4 and 4 • . • 
in every possible order, in such a manner, howevert that the num- 
ber of letters in each result may be less than the number of given 
letters, we may demand the tohole ntwiber of results thus obtamed. 
These results are called arrangemerUs. 

Thus uby aCf adj . . . ba^ hc^ hdf m . , ca^ ch^ cd^ . , , are arrange^ 
menu of m letters taken 2 and 2, or in sets of 2 each. 

In like manner, ahCf ahd^ • . • hacy had^ . . . acb^ acd^ • • . are ar^ 
rangements taken in sets of 3. 

Arrangements, are the reeuUs obtained hy writing a number m of 
letters one after the other in every possible order ^ in sets of 2 and 
2, 3 and 3, 4 and 4 • • • n and n ; m being >n : that is, the num. 
ber of letters in each set being less than the whole number of letters 
considered* However, if we suppose n=^my the arrangements taken 
n and n, will become simple permutations. 

Pboblbm 2. Having given a number m of letters a, b, c, d • • ., 
to determine the total number of arrangements that may be formed of 
them by taking them n at a Hme ; m being supposed greater than n. 

Let it be proposed, in the first place, to arrange the three letters 
a, ft, and e in sets of two each. 
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First, arrange the letters in sets of one each, in which ^ a 
case we say there are two letters reserved : the reserved < b 
letters for either arrangement, heing those which do not ( c 

enter it. 

fab 
Now, to any one of the letters, as a, annex, in suc- 
cession, the reserved letters b and c : to the second ar- , 

ba 
rangement b, annex the reserved letters a and c; and { . 

be 
to the third arrangement c, annex the reserved letters a 

CCL 

and b : this gives , 

\^ CO 

Hence, we see, thxt the arrangements of three letters taken two in 
a setj vnU be eqwd to the arrangements of the same number of letters 
taken one in a set, multiplied by the number of reserved letters. 

Let it be required to form the arrangement of four letters, 
Of bf c, and <2, taken 8 in a set. 

First, arrange the four letters two in a set : there will j-ah 

then be two reserved letters. Take one of the sets and ba 

write after it, in succession, each of the reserved letters : ac 

we shall thus form as many sets of three letters each as ea 

there are reserved letters ; these sets differing from each ad 

other by at least the last letter. Take another of the da 

first arrangements, and annex in succession the reserved \ be 

letters ; we shall agam form as many different arrange. e b 

ments, as there ar« reserved letters. Do the same for bd 

all of the first arrangements, and it is plain, that the whole db 

number of arrangements which will be formed, of four cd 

letters, taken 3 and 3, wiU be equalto the arrangements of vdc 
the same Utters^ taken two in a set^ mvJtiipUed by the ninre. 
ler of reserved letters. 

In order to resolve this question in a general manner, suppose the 
total number of arrangements of the m letters taken n— 1 in a set 
to be known, and denote this number by P. 

Take any one of these arrangements, and annex to it each of 
the reserved letten, of which the number is m— (n— 1), or 
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m— n+1 ; it is evident, that we shall thus form a namber m—n+1 
of arrangements of n letters, differing from each other by the last let- 
ter. Now take another of the arrangements of n— 1 letters, and an- 
nex to it each of the m—n+1 letters which do not make a part of 
it; we again obtain a number w— n+1 of arrangements of n let- 
ters, differing from each other, and from those obtained as above, at 
least in the disposition of one of the n— 1 first letters. Now, as 
we may in the same manner take all the P arrangements of 
the m letters, taken n— 1 in a set, and annex to them successively 
the m—n+1 other letters, it follows that the total number of ar- 
rangements of m letters taken n in a set, is expressed by 

P(m--n+l). 

To apply this to the particular cases of the number of arrange- 
ments of m letters taken 2 and 2, 3 and 3, 4 and 4, make n=2» 
whence m— n+l=m— 1 ; P will in this case express the total num- 
ber of arrangements, taken 2—1 and 2—1, or 1 and 1, and is con- 
sequently equal to m ; therefore the foripula become m(m— 1)« 

Let n= 8, whence m— n+l=m— 2; P will then express the 
number of arrangements taken 2 and 2, and is equal to m(m— 1) ; 
therefore the formula becomes m(m— 1) (m— 2). 

Again, take n=4, whence m— n+lscm— 3 ; P will express the 
number of arrangements taken, 3 and 3, or is equal to 

m(m— l)(m— 2); 

therefore the formula becomes 

m(m— 1) (m— 2) (m— 8). 

Rekabk. From the manner in which the particular cases have 
been deduced from the general formula, we may conclude that it 
reduces to 

m(m— I) (m— 2) (m— 3) . . • . (m—n+1) ; 

that bif it is composed of ihe product qf the n contecuixoe numbers 
wmprUed between m and ra— n+1, inclusively. 
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From this formula^ that of the preceding Art. can easily be de- 
duced, viz. the development of the value of Qx^* 

For, we see that the arrangements become permutations when the 
number of letters composing each arrangement is supposed equal 
to the total number of letters considered. 

Therefore, to pass from the total number of arrangements of m 

letters, taken n and n, to the number of permutations of n letters, 

it is only necessary to make fn=:n in the above development, which 

gives 

n(n-l) (n-2) (n-3) . . 1. 

By reversing the order of the factors, observing that the last is 
1. the next to the last 2, which is preceded by 3 • . ., it becomes 

1, 2, 8, 4 (»— 2) (n— l)n, 

for the development of Qx«« 

This is nothing more than the series of natural numbers compris* 
ed between 1 and n, inclusively. 

201. When the letters are disposed, as in the arrangements, 2 
and 2, 8 and 8, 4 and 4, &c., it may be required that no two of the 
results, thus formed, shcdl be composed of the same letters, in which 
case the products of the letters will be different; and we may then 
demand the whole number of results thus obtained. In this case, 
the results are called condnnaiions. 

Thus, dbf aCfhCf..*adfhdj,., are comUnaUons of the letters 
taken 2 and 2. 

In like manner, ahc, €ibd^ . • . aed^ had • • • are combinations of 
the letters taken 8 and 8. 

Combinations, are arrangements in which any two will differ from 
each other hy at least one of the letters which enter them. 

Hence, there is an essential difference in the signification of the 
words, fermuUttions, arrangements, and combinations* 

Probliim 8. To determine the total number of different condfina* 
tions thai can be formed of m letters, taken nina set. 

Let X denote the total number of arrangements that can be 
formed of m letters, taken n and n: Fthe number of permutations 
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of It letters , and Z the total number of diffesrmii cmbinaUans taken 
n andn. 

[t is evident, that all the possible arrangements of m letters, taken 
n at a time, can be obtiuned, by subjecting the n letters of each of 
the Z combinaUonSf to all the permutaUcns of which these letters 
are susceptible. Now a single combination of n letters gives, by 
h3rpothe6is Y pemmtations ; therefore Z combinations will give 
YxZ • • » arrangements, taken n and n ; and as X denotes the 
total number of arrangements, it follows that the three quantities 

X 

X, F, and Z, give the relations X= YxZ; whence Z=r^. 

But we have (Art. 200), X=P(jii— «+l) 

and (Art. 199), Y=zQxn. 

^ . ^ P(in-n+l) P m— n+1 

Therefore, Z^ ^^^ ^ =^x-^p-. 

Since P expresses the total number of arrangements, taken n— 1 
and n-*-l, and Q the number of permutations of n^\ letters, it 

P 

follows that — expresses the number of different combinations 

of m letters taken n^l and n— 1. 

To apply this to the particular case of onnbinations of m letters 
taken 2 and 2, 3 and 3, 4 and 4 . . • 

P 

Make 11=2, in which case — expresses the number of com- 

binations of the letters taken 2—1 and 2—1 or 1 and 1, and is 
equal to m ; the above formula becomes 

m— 1 iii(m— 1) 

p 

Let n=3, — will express the number of combinations taken 

2 and 2, and is equal to ; and the formula becomes 

l.« 

in(m— 1) (m— 2) 

0^8 • 
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Ib like manner, we woqld find the number of combiiMitions of m 

ffi(in— 1) (m— 2) (ill— 3) 
letters taken 4 and 4, to be — ^ ^^ ; and in ge- 

neral, the number of combinations of «i letters taken n and n, is ex- 
pressed by 

tn(m— 1) (m--2) (m— 8) . , . (»t— n+1) 
1.2.8.4 . . . (n-.l).n * 

which is the development of the expression 
P(ffl-n+l) 
QXn • 



Demonstration of the Binomial Theorem. 

202, In order to discover more easily the law for the develop- 
ment of the ffith power of the binomial x+a^ we will observe the 
law of the product of severed binomial factors x+a^ x+h^ ^+c» 
x+d ... of which the first term is the same in each, and the se- 
cond terms different. 



1st* product 



2d. 



8d« • • • 



+ dbc 




X + abed 
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From these products, obtained by the common rule for algebraic 
multiplication, we discover the following laws : 

1st. With respect to the exponents ; the exponent of a;, in the first 
term, is equal to the number of binomial factors employed. In the 
following terms, this exponent diminishes by unity to the last term, 
where it is 0. 

2d. With respect to the co-efficients of the different powers of x : 
tfiat of the first term is unity ; the co-efiicient of the second term is 
equal to the sum of the seccmd terms of the binomials ; the co-effi- 
eient of the third term is equal to the sum of the products of the 
different second terms taken two and two ; the co-efficient of the 
fourth term is equal to the sum of their different products taken 
three and three. Reasoning from analogy^ we may conclude that 
the co-efficient of the term which has n terms before it, is equal to 
the sum of the different products of the m second terms of the bi- 
nomials taken n and n. The last term is equal to the continued pro. 
duct of the second terms of the binomials. 

In order to be certain that this law of composition is general, sup- 
pose that it has been proved to be true for a number m of binomials ; 
let us see if it be true when a new factor is introduced into the pro- 
duct. 

For this purpose, suppose 

«^+Aar-*+Baf^'+CaJ^« . . . +Ma«-^»+Nar-»+ . . . +U, 

to be the product of m binomial factors, Na^"~~** representing the 
term which has n terms before it, and M«^""+* that which immedi- 
diately precedes. 

Let x+K be the new factor, the product when arranged according 
to the powers of a?, will be 

+kI +AkI +Br1 +MK +UK. 

From which we perceive that the law of the escponents is evident- 
ly the same. 
With respect to the co-efficients, Ist. That of the first term ia 
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ifn%« 2d. A+K, or the co-efficient of of*, is also the sum of the 
second terms of ihem+l binomials. 

Sd. J? is by hypothesis the sum of the different products of the 
second terms of the m binomials, and A.K expresses the sum of the 
products of each of the second terms of the m first binomials, by 
the new second term JST; therefore B+AK is the sum of the dif 
ferent products of the second terms of them+\ Unomials^ taken two 
and two. 

In general, since N expresses the sum of the products of the se- 
cond terms of the m first binomials, taken n and n ; and as MK re- 
presents the sum of the products of these second terms, taken n— 1 
and n— 1, multiplied by the new second term IT, it follows that 
N+MKf or the co-efficient of the term which has n terms before 
it, is equal to the sum of the different products of the second terms 
of the m+l binomials, taken n and n. The last term is equal to 
the continued product of the m+ 1 second terms. * 

Therefore, the law of composition, supposed true for a number 
m of binomial factors, is also true for a number denoted by m+1. 
It is therefore general. 

Let us suppose, that in the product resulting from the multiplica- 
tion of the m binomial factors, x+a, x+by x+c, x+d ... we make 
a=:h=c=:d . . ., the indicated expression of this product, (x+a) 
(x+b) (x+e)^ will be changed into (aj+a)". With respect to its de- 
velopment, the co-efficients being a+b+c+d . . ,, ab+ac+ad+. . ., 
abc+abd+acd . • ., the co-efficient of sf^\ or a+b+c+d . • ., 
becomes a+a+a+a+ . . ., that is, a taken as many times as there 
are letters a, &, c . . ., and is therefore equal to ma. The co.effi- 
cient of «*"*, or ab+ac+ad+ . . ., reduces to a^+c^+o^ . . ., or 
to a' taken as many times as we can form different combinations with 

m— 1 
m letters, taken two and two, or to m . — - — a*. (Art. 201). 

The ccefficient of af^~^ reduces to the product of a', multiplied 
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by the number of different combinations of m lettew^ taken 3 and 

TO— 1 TO-^2 ^ . 

3, or to TO . —77- . — 5-0*, &c. 

In general, if the term, which has n terms before it, is denoted by 
NsT^t the co-efficient, which in the hypothesis of the second terms 
being different, is equal to the sum of their products, taken n and 
n, reduces, when all of the terms are supposed equal,. to a" multi- 
plied by the number of different combinations that can be miMle 
with TO letters, taken n and n. Therefore 

Prom which we have the formula 

(«+a)"»=af»+TOaaf»'*+TO . — — a"af^ 

i»— 1 TO— 2^ , , P(to— n+1) 

+TO-^ . --j-«»«^ . . . +--^-q7^-^*^ • • • H-^" 

203« By inspecting the different terms of this development, a 
simple Jaw will be perceived, by means of which the coefficient of 
any term is formed from the co-efficient of the preceding term. 

The cO'^ficient of any term is formed hy multiplying the co-effi' 

dent of the preceding term hy the exponent of xin that term, and dL 

tiding the product by the number of terms which precede the rehired 

term* 

« , , , P(TO-n+l) ^. . 

For, take the general term — ^-^ -a'aT^. This is called 

the general term^ because by making n=2, 8, 4 . • •, all of the 
others can be deduced from it. The term which immediately pre- 

P P 

cedes it, is evidently —(f^^ixr^*\ since — expresses the num. 

ber of combmations of m letters taken n— 1 a^ n-— 1. Here we 

P(TO-n+l) 
see that the co-emcient — g-- is equal to the co-efBcknt 
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P 

•^ which precedes it, multiplied by m— n+l, the exponent of x in 

thattenn, and divided by «, the. number of terms preceding ^e re- 
quired term. This law serves to develop a particular power, with- 
out our being obliged to have recourse to the general formula. 

For example, let it be required to develop (ai!+a)\ From this 
law we have, 

Afler having formed the first two terms from the terms of the 
general formula ixf^+maaf^^+ . • ., multiply 6, the co-efficient of 
the second tenaa, by 5, the exponient of ^ in this te^, then divide 
the product by 2, which gives 15 for the co.effieient of the third 
tenn. To obtain that of the fourth, multiply 15. by 4, the expon^t 
of 0? in the third term, and divide the product by 3, the numbet of 
terms which precede the fourth, this gives 20 ; and the co-efficients 
of the other terms are found ia the same way. 

In like nuumer we find > 

(«+ay«=«*«+10a«*-J-45aV+120fl?a;''+210aV, 
-J-252a*aj»+210aV-fl20aV+45aV+10af'aJ+a*'. 

204. It frequently occurs that the terms of the binoiyual are af- 
fected with co-efficients and exponents, as in &e following example. 

Let it be required to raise the binomial d€^C'^2bd to the 4th 
power. 

PlacuHg 8a*c=aj and — 2M=y, we have 

Substituting ^r a> and y their values, we have 
(3a3c-25d)*=(3a^c)*-f4(3a^c)'(-25(f)+6(3a^c)*(-2W)»+ 
4(3a^c) (-25d)3+(-25d)*, 

or, by performing the operations indicated 

(3a?c-2&<l)*=81a»c*-216aVid+216aV*»(P-96a»c^(i» 

The terms of the development are alternately plus and minus, as 
they should be, mnce the second term is -»• 
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205, The powers of any polynomial may easily be found by the 
binomial theorem. 

For example, raise a+b+c to the third power. 
First, put • • • • b+e=:d. 
Then {a+b+cy=:z{a+dy^a^+9<;^d+9a^+^. 
Or, by substituting for the value of d^ 

(a+b+cy^aP+Zt^b+Sai^+P 

+ A 
This expression is composed of the cubes of (Ae ikru termSf plus 
three times the square of each term by the first powers of the two 
others, jdus six times the product of aU three terms. It is easily 
proved that this law is true for any polynomial. 

To apply the preceding formula to the development of the cube 
of a ^omial, in which the terms are afiected with co-efficients and 
exponents, designate each term by a single letter, then r^lace the UU 
ters introduced, by their vahes, and perform ihe operations indicated. 
' From this rule, we will find that 

- ■ (2a«-4aJ+35*)»=8a*-48a»3+132a*4^-208a»i' 
+198a***-108aA»+27^. 

The fourth, fiflh, &c. powers of any polynomial can be develop- 
ed in a similar manner. 

Consequences of the Binomial Formula. 

206. First. The expression {x+aY being s*ch,that x man 
be substituted for a, and a for x, without altering its value, it fbl- 
lows that the same thing can be done in the development of it ; 
therefore, if this development contains a term of the form Ka^af"**, 
it must have another equal to Kofa"*"" or Ka"*^*". These two 
terms of the development are evidently at equal distances from the 
two extremes ; for the number of terms which precede any term, 
being indicated by the exponent of a in that term, it follows that 
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the teiin Ka'a?**^ hs» n terms before it ; and that the term Ka*"^*^ 
has m— n terms before it, and consequently n terms after it, since 
the whole number of terms is denoted by m+l. 

Therefore, in the development of any power of a Mnomial, the co- 
efficients at equal distances from the ttoo extremes are equal to each 
other. 

Rehark. In the terms Ka^'af"^, Ka"*^aJ", the first co-efficient ex- 
presses the number of different combinations that can be formed with 
m letters taken n and n ; and the second, the number which can be 
formed when taken m^n and m^n; we may therefore conclude 
that, the number of different combinations of m letters taken n and n, 
is equal to the number of combinations of m letters taken m~n and 
m— n. 

For example, twelve letters combined 5 and 5, give the same 
number of combinations as these twelve letters taken 12—5 and 
12—5, or 7 and 7. Five letters combined 2 and 2, give the same 
number of combinations as five letters combined 5—2 and 5— 2, or 
3 and 3. 

207. Second, If in the general formula, 

(«+a)'"=af»+ifMMr-*+iii--^a'ar-*+, &c. 

we suppose x=:l, a=l, it becomes 

m— 1 m— 1 fli— 2 
(l+l)" or 2'»=l+»i+fli — ^ — +m — - — . — 1-, dec. 

That is, the sum of the co-efficienfs of the different terms of the 
formula for the binomial, is equal to the mth power of 2. 
Thus, in the particular case 

(a:+a)»=«»+5ac*+10a*a?+10a'a!»+5a*«+a», 

the sum of the ccefficients 1+5+10+10+5+1 is equal to 2' or 
32. In the 10th power developed, the sum of the co-efficients is 
equal to 2" or 1024. 

208* Third. In a series of numbers decreasing by unity, of which 
14 
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the hrst term is m and the last m--p, m and p being entird numbers, 
the continued product of all these numhers is divisible by the con- 
tinued product of all the natural numbers from 1 to p+l inclu- 
sively. 

^, w(m— 1) (m—2) (m— 3) . . . (m— j?) . , , 

That s, , ^ » ^ . ) .;: is a whole num. 

^ 1.2 . 3 . 4 (p+1) 

her.. For, from what has been scud in (Art. 201), this expression 
represents the number of different combinations that can be formed 
of m letters taken p+l and p+l» Now this number of combina- 
tions isy from its nature, an entire number ; therefore the above ex* 
pression is necessarily a whole number. 

Of the Extraction of the Roots of particular numbers. 

209. The third power or cube ef a number, is the product arising 
from multiplying this number by itself twice ; and the third or cube 
root, is a number which, being raised to the third power, will produce 
the proposed number. 

The ten first numbers being 

1,2, 3, 4, 5, 0, 7, 8, 9, 10. 
their cubes are 1, 8, 27, 64, 125, 216, 343, 512, 729, 1000. 

Reciprocally, the numbers of the first line are the cube roots of 
the numbers of the second. 

By inspecting these lines, we perceive that there are but nine 
perfect cubes among numbers expressed by one, two, or three figures ; 
each of the other numbers has for its cube root a whole number, plus 
a fraction which cannot be expressed exactly by means of unity^ as 
may be shown, by a course of reasoning entirely similar to that 
pursued in the latter part of (Art. 118). 

210. The difference between the cubes of two consecutive num- 
bers increases, when the numbers are increased. 

Let a and a+h be two consecutive whole numbers ; we have 
(a+iy=:a^+Sa^+Sa+l ; 
whence (a+1)'— o'rrrSa'+Sa+l. 
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That iSf ike difference between the c^es of two consecutive tohol^ 
numbers f is equal to three times the square of the least number^ fhts 
three times this number, plus 1. 

Thus, the difference between the cube of 90 and the cube of 89, 
is equal to 3(89)*+3x 89+ 1=24031. 

21 L In order to extract the cube root of an entire number, we 
will observe, that when the figures expressing the number do not 
exceed three, its root is obtained by merely inspecting ihe cubes of the 
first nine numbers. Thus, the cube root of 125 is 5 ; the cube root 
of 72 is 4 plus a fraction, or is within one of 4 ; the cube root of 
841 is within one of 9, since 841 falls between 729, or the cube of 
9, and 1000, or the cube of 10. 

When the number is expressed by more than three figures, the 
process will be as follows. Let the proposed number be 103823. 



103.823 


47 




64 


8 




398.23 






48 


47 




48 


47 




384 


329 




192 


188 




2304 


2209 




48 


47 




18432 


15463 




9216 


8836 



110592 103823 

This number being comprised between 1,000, which is the cube 
of 10, and 1,000,000, which is the cube of 100, its root will be ex. 
pressed by two figures, or by tens and units. Denoting the tens by 
a, and the units by 3, we have (A.rt. 198), 

(a+bf=:(^+Si^b+Sa^+P. 

Whence it follows, that the cube of a number composed of teoa 
and units, is equal to the cube of the tens^plus three times the product 
14* 
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9f f^ sqttare cf the tens hy the units, plus (hree times Ae produdt of 
the tens hy Me square of ike units, plus the cube qftheun&s. 

This being the case, the cube of the tens, giving at least, thou* 
sands, the last three figures to the right cannot foim a part of it : the 
cube of the tens must therefore be found in tiie part 103 which is 
separated from the last three figures by a point. Now the root of 
the greatest cube contained in 103 being 4, this is the number of 
tens in the required root ; for 103623 is evidently comprised be- 
tween (40)' or 64,000, and (60)* or 125,000 ; hence the required 
root is composed of 4 tens, plus a certain number of units less than 
ten. 

Havmg found the number of tens, subtract its cabe 64 £rom 103 ^ 
there remains 39, and bringing down the part 823, we have 39823, 
which contains three times the square of the tens hy ihe units, plus 
the two parts before mentioned. Now, as the square of a number 
of tens gives at least hundreds, it follows that three times the square 
of the tens by the units, must be found in the part 398, to the left of 
23, which is separated from it by a point. Therefore, dividing 398 
by three times the square of ike tens, which is 48, the quotient 8 
will be the unit of the root, or something greater, since 398 hun- 
dreds is composed of three times the square of the tens by the units, 
together with the two other parts. We may ascertain whether the 
figure 8 is too great, by forming the three parts which enter into 
:39823, by means of the figure 8 and the number of tens 4 ; but it 
is much easier to cube 48, as has been done in the above table. Now 
the cube of 48 is 110592, which is greater than 103823 ; therefore 
8 is too great. By cubing 47 we obtain 108823 ; hence the pro- 
posed number is a perfect cube, and 47 is the cube root of it. 

Remabk. The units figures could not be first obtained ; because 
the cube of the units might giVe tens, and even hundreds, and the 
tens and hundreds would be confounded with those which arise from 
other parts of tht cube. 
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Again, extract the cube root or47954 





47.954 36 








27 




36 




8«X^=27 


1 209 




37 






36 


37 




47954 


216 


259 




46656 


108 


111 




1298 


1296 


1369 






36 


37 






7776 


9583 








3888 


4107 



46656 



50653 



2i» 



The number 47954 being below 1,000,000, its root contains only 
two figures, viz. tens and units. The cube of the tens is found in 
47 thousands^ and we can prove, as in the preceding example, that 
3, the root of the greatest cube contained in 47, expresses the tens. 
Subtracting the cube of 8 or 27, from 47, there remains 20 ; bring, 
ing down to the right of thi9 remainder the figure 9 from the part 
954, the number 209 hundreds, is composed of three times the 
square of the tens by the units, phis the number arising from the 
other two parts. Therefore, by forming three times the square of 
the tens, 3, which is 27, and dividing 209 by it, the quotient 7 will 
be the units of the root, or something greater. Ckibing 37, we have 
50653, which is greater than 47954 ; then cubing 86, we obtain 
46666, whieb subtracted fram 47954, gives 1298 for a remafaider. 
Hence the proposed number is not a perfect cube ; but 36 is its 
root to wMin unHy* In fact, the difierence between the proposed 
number and the cube of 36, is, as we have just seen, 1%W% whidi 
is less than 3(36)*+ 3x36+1, lor in verifying the result we have 
obtained 3888 for three times the square of 36. 

212. Again, take for another example, the number, 43725659 
OQDtaining more than 6 figures. 
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43.725.658 


352 








27 








3«X8=27 


1 167 




35 
35 


852 
852 


X 3=8676 


48 725 
42 875 




175 
105 


704 
1760 




8506 




1225 
35 


1056 
123904 




48725658 
48614208 




6125 
8675 


852 




247808 


a. . • . 


111450 




42875 


619520 
871712 

43614208 



Now the required root contains more than one figure, and may 
he considered as composed of units and tens only, the tens being 
expressed by one or more figures. 

Since the cube of the tens gives at least thousands, it must be 
found in the part which is to the lefl of the last three figures, 658. 
I say now, that if we extract the root of the greatest cube contained 
in the part 43725, considered with reference to its absolute value, 
we shall obtain the whole number of tens of the root ; for, let a be 
the root of 43725, to within unity ; then, the number of which 
a+l is the root must be at least equal to 43726. Now, since 
a^XlOOO cannot be greater than 43725, nor (a+ 1)^x1000 less 
than 43726000, it follows that the proposed number itself, 43725658, 
is comprised between o^xlOOO and (a+ 1)^x1000; therefore 
the required root is comprised between that of a' X 1000, and 
(a+l)'xl000, that is, between aXlO and (a+l)xl0. It is 
therefore composed of a tens, plus a certain number of units less 
than ten. 

The question is then reduced to extracting the cube root of 48725 ; 
but this number having more thah three figures, its root will cod. 
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tain more than one, that is, it will contain tens and units. To ob- 
tain the tens, point off the Isust three figures, 725, and extract the 
root of the greatest cube contained in 43. 

The greatest cube contained in 43 is 27, the root of which is 3 ; 
this figure will then express the tens of the root of 43725, or the 
figure in the place of hundreds in the total root. Subtracting the 
cube of 3, or 27, from 43, we obtain 16 fbr a remainder, to the right 
of which bring down the first figure 7, of the second period 725, 
which gives 167. 

Taking three times the square of the tens, 3, which is 27, and 
dividing 167 by it, the quotient 6 is the unit figure of the root of 
43725, or something greater. It is easily seen that this number is 
in fact too great ; we must therefore try 5. The cube of 35 is 
42875, which, subtracted from 43725, gives 850 for a remainder, 
which is evidently less than 3 X (35)^+3x85+1. Therefore, 35 
is the root of the greatest cube contained in 43725 ; hence it is the 
number of tens in the required root. 

To obtain the units, bring down to the right of the remainder 850, 
the first figure, 6, of the last period, 658, which gives 8506 ; then 
take 3 times the square of the tens, 35, which is 3675, and divide 
8506 by it ; the quotient is 2, which we try by cubing 352 : this 
gives 43614208, which is less than the proposed number, and sub- 
tracting it from this number, we obtain 111450 for a remainder. 
Therefore 352 is the cube root of 43725658, to within unity. 
Hence, for the extraction of the cube root we have the following 

RULE. 

I. Separate the given number into periods of three figures eachj be- 
ginning at the right hand : the left hand periqd vM often contain less 
than three places of figures. 

II. Seek the greatest cube in the first period, at the leftj and set its 
root on the right, after the manner of a quotient in division. Subtract 
die cube of this figure of the root from the first period, and to the re* 
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mainder bring down the first figure of the next periodf and eaU ikig 
number the dividend. 

III. Take three times the square of the root just found for a divi' 
sor, and see how often it is contained in the dividend^ and place the 
quotient for a second figure of the root. Then cube the figures of the 
root thus found, and if their cube be greater thanthe first two periods 
of the given number, diminish the last figure ; but if U be less, subtract 
it from the first two periods, and to the remainder bring dmon Ute first 
figure of the next period, for a new dividend, 

IV. Take three times the square of the whole root for a new divi^ 
sor, and seek how often it is contained in the new dividend : the quo- 
tient wis be the third figure of the root. Cube the whole root and 
subtract the result from the three first periods of the given number, 
and proceed in a similar way for all the periods. 

Remark. If any of the remainders are equal to, or exceed, 
three times the square of the root obtained plus three times this root^ 
plus one, the last figure of the root is too small and must be aug. 
mented by at least unity (Art. 210). 

EXAMPLES. 



1. V48228544=364. 

2. V27054036008=3002. 

a. V483249=^78, with a remainder 8697 ; 

4. V91632508641 =4508, with a remainder 20644129- 

5. V32977340218432= 32068. 

To extract the n^ root of a whole number. 

213. In order to generalize the process for the extraction ofroats^ 
we will denote the proposed number by N, and the degree of the 
root to be extracted by n. If the number of figures in N, does not 
exceed n, the root will be expressed by a single figure, and is ob- 
tained immediately by forming the n^^ power of each of the whoto 
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numbers oompmed between 1 and 10 ;: for the n^ power of 9 is the 
largest perfect power which can be expressed by n figures* 

When N contains more than n figures, there will be more than 
one figure in the root, which may then be considered as composed 
of tens and units. Designating the tens by a, and the units by b^ 
we have (Art. 204), 

n— 1 

JV=(a+3)"=a*»+nd— i3+n-^r-a'»~«A»+, dec. ; 

that is, the proposed number contains the n^ jmoer of the tens, plus 
n times the product of then— 1 power of the tens by the unitSy plus a 
series of other parts which it is not necessary to consider. 

Now» as the n'* power of the tens cannot give units of an order 
inferior to unity followed by n ciphers, the last n figures on the right, 
cannot make a part of it. They must then be pointed off, and the 
root of the greatest »'* power contained in the figures on the left 
should be extracted ; this root will be the tens of the required root* 

If this part on the lefl should contain more than n figures, the n 
figures on the right of it, must be separated from the rest, and the 
root of the greatest n'* power contained in the part on the left ex- 
tracted, and so on. Hence the following 

RULE. 

I. Divide the number N into periods of Xk figures each^ beginning 
at the right hand ; extract the root of the greatest n^ power contained 
in the left hand period^ and subtract the n^ power of Msfgurefrom 
ik/e lefi hand period. 

II. Bring doum to the right 15f the remainder corresponding to the 
firH period^ ihe first figure of the second period, and call this number 

ike dividend. 

III. Form fAe n— 1 power of the first figure of the root, multiply it 
by n, and see how often the product is contained in the dividend : the 
fuotient wiU be the second figure of the root, or something greater, 

IV. Raise the number thus formed to the n^^ power, then subtract 
this result from the two first periods, and to the new remainder bring 
down the first figure cf the third period : then divide the number thus 
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formed hy n times the n— 1 power of the two figures of the root 
already founds and eontinue this operaUon until all the periods are 
brought down* 

BXAHPLBS. 

Bxtract the 4th root of 531441. 

68.1441 i 27 
2*= 16_ 
4x2»s=32 I 871 
(27y= 531441. 

We first divide off, from the right hand, the period of four figures, 
and then find the greatest fourth root contained in 53, the first 
period to the left, which is 2. We next subtract the 4th power of 
2, which is 16, from 53, and to the remainder 37 we bring down 
the first figure of the next period. We then divide 371 by 4 times 
the cube of 2, which gives 11 for a quotient : but this we know is 
too large. By trying the numbers 9 and 8, we find them also 
too large : then trying 7, we find the exact root to be 27. 

214. Rehakk. When the degree of the root to be extracted is a 
multiple of two or more numbers, as 4, 6, • • • ., f^ root can he oh" 
tained by extracting the roots of more simple degrees^ successive^. 
To explain this, we will remark that, 

(aa)«=a3 X a' X fl' X a'=a'+*^»+»=a» »< *=«»«. 

and that in general (a"')"=a'"Xa"*X<«"X«^ • • • =a"'><'» (Art. 13). 
Hence, the n^^ power of the m*** power of a number^ is equal to the 
mn'** power of this number. 

Reciprocally, the mn*** root of a number is equal to the n^ root of 
the m^ root of this nuniber, or algebraically 

For, let . . . \^a=a\ raising both membei-s to the n* power 
there will result . . . 'V^=a^'* ; for from the definition of a root, we 
haverVKV=K 
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Again, by raising both members to the m^ power, we obtain 
as=(a'")'"=a''^. Extracting the mn^ root of both members, "^a^a' ; 

but we already have V^/a^a' ; hence "V^= VV^ 

In a similar manner we might find ""Voss \/ Va» 
By this method we find that 

V256"=V V"256"= '/i6=4 ; 

V 2985984 = s/ V 2985984 = Vi728= 12 ; 

V 1771561 = V V 1771561 =11 ; 

V 1679616 = Vi296=V Vi296=6. 

Rekabk. Although the successive roots may be extracted in 
any order whatever, it is better to extract the roots of the lowest 
degree first, for then the extraction of the roots of the higher de- 
grees, which is a more complicated operation, is effected upon num. 
bers containing fewer figures than the proposed number. 

Extraction of Roots by approximation. 

215. When it is required to extract the n^ root of a number 
which is not o, perfect power j the method of (Art. 213), will give 
only the entire part of the root, or the root to within unity, ^s to 
the fraction which is to be added, in order to complete the root, it 
cannot be obtained exactly, but we can approximate as near as we 
please to the required root. 

Let it be required to extract the n^ root of the whole number a, 

to within a fraction — ; that is, so near it, that the error shall be 
P 

less than — . 
P 

We will observe that a can be put under the form — -- — . If 
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we denote the root of c^ to within unity, by r, the number 



r 



or Of will be comprehended between — and ^ ^ ; tliere- 

fore the Vo' will be comprised betwe^ the two OQiabersy 

— and . Hence — is the required root, to within the 

P P P 

fraction — . 
P 
Hence^ to extract ike n^ root of a whoh number to vMim a fraction 

— , multiply the number by p"; extract the n^ root of the product to 

within unity, and divide the result by p. 
216. Again, suppose it is required to extract the n^ root of the 

fraction -r-. 

Multiply each term of the fraction by 

a ai'*"* 
3""' ; it becomes -r="nr — • 
If* 

Let r denote the n* root of ai"~*, to within unity ; 

— jrj— or — , wUl be comprised between -^ and ^-—jz-^ 

Therefore, after hamng made the denominate of thtfracHon a per- 

feet fower of the n^ degree, extract the n^ root of the tmmeraior, to 

within unity f and dwide the result by the root of the new denommator. 

When a greater degree of exaetneas is required than that iikU* 

cated by -r» extract the root of ai^^ to within any fraction — ; 
p 

r" 1^ 

and designate this root by — • Now, since — is the root of the 

P P 

numerator to within — , it follows, that -^ is the true root of 
P *P 

the fraction to within -t-. 
bp 
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317. Suppose it is required to extract the cube root of 15, to 

within — . We have 15x12^=15x1728=25920. Now the 
1« 

cube root of 25920, to within unity, k 29 ; hence the required root 

. 29 5 

« 12 "' ^- 

Again, extract the cube root of 47, to within — . 

We have 47x20^=47x8000=376000. Now the cube root 

A— 72 12 
of 376000, to within unity, is 72; hence %/47=57:=^5IT> ^^ 

Within -. 

Find the vakie of V26 to within 0,001. 
To do this, multiply 25 by the cube of 1000, or by 1000000000, 
which gives 25000000000. Now, the cube root of this number, is 

2920 ; hmce V25c=:2«g30 to within 0,001. 

In general, in order to extract the cube root of a whole number to 
tffUhin a given decwudfraeUonj annex three times as many ciphers to 
the number^ as there are decimal places m the required root ; extrcui 
the cube root of the number thus formed to tmthin wmty^ and pm$U ^ 
from the right of this root the required number ofdedmdU. 

218. We will now ejcplain the method of exiraeHng the cube root 
of a decimal fraction. Suppose it is required to extract the cube 
root of 3,1415. 

As the denominator 10000, of this fraction, is not a perfect cube, 
it is necessary to make it one, by multiplying it by 100, which 
amounts to annexing two ciphers to the proposed decimal, and we have 
3,141500. Extract the cube root of 3141500, that is, of the num. 
ber considered independent of the comma, to within unity; this 

gives 146. Then divide by 100, or VlOOOOOO, and we find 

V3,1415=l,46 to within 0,01. 
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Hence, to extract the cube root of a dedmal number, we have 
the following 

RULE 

Annex ciphers to the decimal part, if necessary, until it can be 
divided into exact periods of three figures each, observing thai the 
number of periods mi^t be made equal to the numhen^of decimal 
places required in the root. Then, extract the root as in entire num" 
bers, and point off a^ many places for decimals as there are periods 
in the decimal part of the number* 

To extract the cube root of a vulgar fraetion to within a given 
decimal fraction, the most simple method is to reduce the proposed 
fraction to a decimal fraction, continuing the operation until ike num- 
ber of dedmal places is equal to three times the number required 
in the root. The question is thea reduced to extracting the cube 
root of a decimal fraction. 

219. Suppose it is required to find the sixth root of 28, to 
within 0,01. 

Appl3ring the rule of Art. 215 to this example, we multiply 28 
by 100% or annex twelve ciphers to 28, extract the sixth root of the 
number thus formed to within unity, and divide this root by 100, or 
point off two decimals on the right. 

In this way we will find that V28=l,68, to within 0,01. 

EXAMPLES. 

1. Find the V473 to withm j^. Ans. 7J. 

2. Find the V79 to withm ,0001. Ans. 4,2908. 
8. Find the Vl3 to within ,01. Ans. 1,53. 
4. Find the V3,00415 to within ,0001. Ans. 1,4429. 
6. Find the Vo,00101 to within ,01. Ans. 0,10. 
6. Find the V^i to within ,001. Ans. 0,824. 
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Formation of Powers and Extraction of Roots of Algebraic 
Quantities. Calculus of Radicals. 

We will first consider monomials. 

220, Let it be required to form the fifth power of 2a^P. . We 
have 

(2a'5»)»=2a'5»X 2a3^X 2a35»x 2a?J»x 2a3Z»», 

from which it follows, Ist. That the co-efiicient 2 must be multi- 
plied by itself four times, or raised to the fifth power. 2d. That 
each of the exponents of the letters must be added to itself four 
times, or multiplied by 5. 

Hence, (2a35»)«=2«.a3X6^xB^32ai6^«. 

In like manner, {Sa'Pcyt=^8\a' x ^l^ V=612a»^c3. 

Therefore, in order to raise a monomial to a given power, raise 
the co^eficient to this power, and mvittply the exponent of each of the 
letters by the exponent of the power. 

Hence, reciprocally, to extract any root of a monomial, 1st. 
Extract the root of the co^efficient. 2d. Divide the exponent of each 
letter by the index of the root. 

V64aW'=4a^^c*; Vl6aW^c^=2(^!^c. 
From this rule, we perceive, that in order that a monomial may 
be a perfect power of the degree of the root to be extracted, 1st. 
its co-efficient must be a perfect power ; and 2d. the exponent of 
each letter must be divisible by the index of the root to be extracted. 
It will be shown hereafter, how the expression for the root of a 
quantity which is not a perfect power is reduced to its simplest 

terms. 

\ 

221. Hitherto, we have paid no attention to the sign with 

which the monomial may be affected ; but if we observe, that what- 
ever may be the sign of a monomial, its square is always positive^ 
and that every power of an even degree, 2n, can be considered as 
the n** power of the square, that is, rt*'rr(a*)", it will follow that. 
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every power of a quanHty^ of an even degree^ whether positive or 
negative^ is essentially posiHve, 

Thua, (db2a«6'c)*= + 16a«J*V. 

Again, as a power of an uneven degree, 2n+l» is the product 
of a power of an even degree, 2n, by the first power, it follows 
that, every power of an uneven degree of a monomial^ is affected wHk 
the same sign as the monomial. 

Hence, (+4««i)»=+64a«i3; (_4a»J)3=:-.64a»3'. 

From this it is evident, 1st. That when the degree of the root of 
a monomial is uneven, the root will be affected with the same sign 
as the quantity. 

Therefore, 

V+85=+2a; V3:8^=-.2«; V-82a"^=-124«. 

2d. When the degree of the root is even, and the monomial a 
positive quantity, the root is affected either with + <^]^ *— • 
Thus, Veia*b^= ±3a^ ; V64a"= ±2a». 

3d. When the degree of the root is even^ and the monomial nega^ 
tivef the root is impossible ; for, there is no quantity which, raised to 
a power of an even degree, can give a negative result. Therefore, 

V— 0, V—A V—Cf are symbols of operations which it is 
impossible to execute. They are, like V— a, V— 5, imagintu 
ry expressions (Art. 126). 

222. In order to develop (fl+y+2^^ we will place y+z=Uj and 
we have 

or by replacing u by its value, y+« 

-(fl+y+«)'=a'+3fl»(y+«)+3a(y+«)«+(y+z)3, 

or performing the operations indicated 

{a+y+zf=€?'\-Zahf+^\+Zaf+^ayi+Za^+f+Zfx+ 

When the polynomial is composed of more than three terms, as 
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fi+p+^+x . . . . p, let, as before, tt== the sum of all the terms afler 
the first. Then, a+u will be equal to the given polynomial, and 
(a+M)«=a»+3a'»+3att'+tt». 

From which we see, that by cubing a polynomial, we obtain the 
cube of the first term, plus three times the square of the first term 
miMplied hg each of the remaffiing terms, plus other terms. 

It oflen happens that u contains a root of the leading letter, as io 
the polynomial €^+ax+h, where uszax+h. But since we suppose 
the polynomial arranged with reference to a, it follows that a will 
have a less exponent in u than in the first term. 

In this case also, the co-efiicient of u, multiplied by the first term 
of U9 will be irreducible with the remaining terms of the develop- 
ment, because that product will involve a to a higher power than 
the other terms : and when a does not enter u, the product of that 
co-efficient by all the terms of u, will be irreducible with all the 
other terms of the development. 

223. As to the extraction of roots of polynomials, we will first 
explain the method for the cube root ; it will afterwards be easy to 
generalize. 

Let N be the polynomial, and R its cube root. Conceive the two 
polynomials to be arranged with reference to some letter, a, for ex- 
ample. It results from the law of composition of the cube of a po- 
l3momial (Art. 222), that the cube of R contains two parts, which 
cannot be reduced with the others ; these are, the cube of the first 
term, and three times the square of the first term by the second. 

Hence, the cube root of that term of N which contains a, affect, 
ed with the highest exponent, will be the first term of R : and the 
second term of R will be found by dividing the second term a£ N 
by three times the square of the first term of R, 

If then, we form the cube of the two terms of the root already 
found, and subtract it from iV, and divide the first term of the re- 
mainder by 3 times the square of the first term of R^ the quotient 
will be the third term of the root. Therefore, having arranged 

the terms of iV, we have the following 
15 
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RULE. 

I. Extract the cube root of the first term, 

II. Divide the secand term of N by three times the square of the 
first term of R: the quotient will he the second term of R. 

IIL Having fo^nd the two first terms of Ry form the cube of the 
binomial and subtract it from N ; cfter which^ divide the first term o/ 
the remainder by three limes the square of the first term of R: the 
quotient wUl be the third term of R. 

IV. Cube the three terms of the rootfoundt and subtract the cube 
from N ; then divide the fir A term of the remainder by the dimsor 
mlready used : the queOehtwill be ihefour^ term of the rooty and the 
remaining termsy ^ there ure any y may be found in a similar manner. 

EXAMPLES. 

I. Extract the cube root of a;"— 6«*+15ic*— 20a?+15a:'— 6a:+l. 
a^-6x»+15a;*-20«3+15r»— 6«+l | «'--2a;+l 

1st Rem. . 7""^ '. 3a?*— 12ar*-f , &;c. 
(aJ»-2a?+l)»=:«*-6a!»+15a*^20a;3+15ar»— 6«+l. 

In this example, we first extract the cube root of a^y which gives 
a^, for the first term of the root. Squaring a^y and multiplying by 
8, we obtain the divisor do;* : this is contained in the second term 
—6a?*, —2a? times. Then cubing the root, and subtracting, we find 
that the first term of the remamder So;*, contains the divisor once. 
Cubing the whole root, we find the cube equal to the given polyno- 
mial. 

Remark. The rule for the extraction of the cube root is easily 
extended to a root with a higher index. For, 
Let a+b-^c+ . . ./, be any polynomial. 
Let s= the sum of all the terms afler the first. 
Then a+s= the given polynomial : and 

(a+«)"=a"+na"'*«+ other terms- 
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That jBfihen^ power of a pohftumdal, is equal to the u^ power of 
the first term^phs n times the first term raised to the power n—l, 
multiplied by each of the remaining terms ; + other term^s of the de- 
velopment. 

Hence, we see, that the rule for the cube root will become the 
rule for the ii** ft)ot, by first extracting the «^ root of the first term, 
taking for a divisor n times this root raised to the n—l power, and 
raising the partial roots to the n** power, instead of to the cube. 

2. Extract the 4th root of 

16a*-96a'a;+216oV-216ai?+81tf*, 
16a*-96a5a?+216aV-"216aa!'+81a* 2a— 3aj 
(2a— 3a:)*=16a*-.96a3a:+216aV-216cwr»+81a* 32a'=4x(2a)» 

We first extract the 4th root of 16aS which ia 2a. We then 
raise 2a to the third power, and multiply by 4, the index of the root : 
this gives the divisor 32a^. This divisor is contained in the seoond 
term — 96a'a:, —3a; times, which is the second term of the root 
Raising the whole root to the 4th power, we find the power equal to 
the given polynomial. 

8. Find the cube root of 

a^+6^— 40«»+96«-64. 

4. Find the cube root of 

15a?*-6a;^«"-6a*-20«3+15a^+l. 

6. Find the 5th root of 

82x»— 80a?*+80ar»-40aj«+10a;— 1. 

Calculus of Radicals, 

224. When it is required to extract a certain root of a monomial 
or polynomial which is not a perfect power, it can only be indicated 

by writing the proposed quantity after the sign VTluid placing over 

this sign the number which denotes the degree of the root to be ex. 

tracted. This number is called the index of the root^ or of the radical. 

A radical expression may be reduced to its simplest terms, by 

15* 
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observing that, the n*^ root of a prodvet is equal to the product of the 
n^ roots of its different factors. 

Or, in algebraic terms : 

VcU>cd= y ax V^XV^X^ V^* 
For, raidbg both members to the n* power, we haye for the first, 
( V abcdy=iabcd . . ., and for the second, 

(yax V^X ycx yd. ..)«==( Va)". (v5)".(Vc)".(i/<^)" ... =a^c^. 
Therefore, since the n'* powers of these quantities are equal, the 
quantities themselves must be equal. 

Let us take the expression V54a*^c*, which cannot be replaced 
by a rational monomial, since 54 is not a perfect cube, and the ex- 
ponents of a and c are not divisible by 8 : but we can put it under 
the form 

V645W= V27^ V2^^Zab V2^. 

In like manner, 

V8?=2V^; V48aW=2aJ"cV3ac^; 

Vl92a''W*= V64a«c"x V3a*=:2ac« Vdab. 

In the expressions, Sab S/2a^f 2 Vo^j 2a^c V3ac*, the quanti. 
ties placed before the radical, are called co-efficients of the radical. 

225. The rule of (Art. 214) gives rise to another kind of simpli- 
fication. 

Take, for example, the radical expression. Via*; from this rule 

we have, V4a^=\/ V4a*, and as the quantity affected with the 
radical of the second degree v/, is a perfect square, its root can be 
extracted, hence 

In like manner, 

V80a«A^ =V V36a?6« = V6db. 
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In general, "Va^Vva"=: Va ; that is, when the index of a 
radical is a multiple of any number n, and the quantity under tfal 
the radical sign is an exact n^ power, we can, without changing the 
value of the radical, dmide its index hy n, and extract the n^ root of 
the quantity under the sign, ** 

This proposition is the inverse of another, not less important, viz. 
we can muUiply the index of a radical hy any number, provided we 
raise the quantity under the sign to a power of wihich this number 
denotes the degree. 

Thus, 'Va="V?I For, a is the same thing as VaF; hence, 

■• / m / mil /— 

Va= V;ya'*=z ya\ 

This last principle serves to reduce two or more radicals to the 
same index. 

For example, let it be required to reduce the two radicals V2a 

and V{a+b) to the same index. 

By multiplying the index of the first by 4, the index of the se- 
cond, and raising the quantity 2a to the fourth power ; then multi- 
plying the index of the second by 3, the index of the first, and 
cubing a+b, the values of the radicals will not be changed, and 
the expressions will become 

V2^==*V2V='Vl6?; V(a+b)='V(a+bf. 

226. Hence to reduce radicals to a common index, we have the 
following 

RULE. 

Multiply the index of each radical by the product of the indices of 
aU the other radicals, and raise the quantity under each radical sign 
to a power denoted by this product. 

This rule, which is analogous to that given for the reduction of 
fractions to a common denominator^ is susceptible of some modifi- 
cations. 
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For example, reduce the radicals Va> V5i, V^+PT to the 
9ine index. 

As the numbers 4, 6, 8, have common factors, and 24 is the most 
simple multiple of the three numbers, it is only necessary to multi. 
ply the first by 6, the second by 4, and the third by 3, and to raise 
the quantities under each radical sign to the 6th, 4th, and dd pow- 
ers respectively, which gives 

In applying the above rules to numerical examples, begkmers 
very often make mistakes similar to the following, viz. : In reduc 
ing the radicals \/2 and ^/B to a common index, afler having mul- 
tiplied the index of the first (3), by that of the second (2), and the 
index of the second by that of the first, then, instead of multiplying 
the exponent of the quantity under the first sign by 2, and the expo^ 
nent of that under the second by 3, they often multiply the quantity 
under the first sign by 2, and the quantity under the second by 3. 
Thus, they would have 

V2"=V2X2=VT and V3=V3x3==V9. 
Whereas, they should have, by the foregoing rule, 

VT=V(2)^=VT, and Vl[=V(3f"=V27. 

Reduce V2, V4, V^, to the same index. 

Addition and Subtraction of Radicals. 
227. Two radicals are simHULr^ when they have the same index, 
and the same quantity, under the sign. Thus, 3 Vab and 7 Vo^ 
are similar radicals, as also Zc? V^> a^d 9c^ V^- 

Therefore, to add or subtract similar radicals, add or subtract 
their co-^kientSf and prefix the sum or difference to the co^mnon 
radical. 

Thus, 3V*+2V*=5Vj, 3V3-2VJ=V*, 
ZaVb±2cVb=z{Za±2c)Wb. 
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Sometimes when two radicals are dissimilar, they can be reduced 
to similar radicals by Arts. 234 and 235. For example, 

-/48a^+» V76a=4b V^+bb VBa=9h VSa. 

V8a»ft+16a*- V^*+2a^=2a Vi+2S-i Vb+2a 

=(2a-5) Vb+2a ; 

8 Vi?+2 V2ii=3 V2^+2 V2iJ=5 V2a. 

When the radicals are dissimilar, and irreducible, they can only 
be added or subtracted by means of the signs + or — . 

Multiplication and Division. 

228* We will first suppose that the radicals have a common 
index. 

Let it be required to multiply or divide Va by Vi. We have 

Vax Vb=z Va*, and Va-r- Vb=z^/^. 

For by raismg Va . *Vb and VaA to the n** power, we obtain 

the same result ab ; hence the two expressions are equal. 

y/a " /a a 

In like manner, -;;^ and ^/ - raised to the n* power give -^. 

hence these two expresedons are equal. Therefore we have the 
following 

RULE. 

MuUijily or divide (he quantities under the sign by each o^her^ and 
give to the produdf or quotient, the common radical sign. If they 
have co-efficients, first multiply or divide them separately. 

Thus, 

c a ca 

Off reducing to its simplest terms. 
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8a VS^X 2h V4a»c^6fl5 V32a*c= 12a*h^V2c. 

When the radicals have not a conunon index, they should be re- 
duced to one* 

For example^ 8a V^X 55 V2c= Uahx ' ^VOb^. 

BXAHPLE8. 

L Multiply VSxVs" by V y^^T 

2. Multiply 2 -/l5 by 3 VlO 

Aim. 6V337500. 



3. Multiply 4V 4- ^y 2 V?. 
o 4 



V / 27 
An*. 8 



25«* 



2 VTx VT 

4. Reduce — to its lowest terms. 

iVTxVF 



A»w. 4'V288r 



5. Reduce \/ ^ ; — ^ to its lowest terms. 

^ 4VTxVT 

6. Multiply VT, VT, and VT together. 

Ana. 'Veieooo. 
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iply V -q-, V -^ and ' V6" together. 



7, Multiply ▼ 3' ▼ 2 



" /2 

Ana. V 



27* 



8. Multiply (4\/I+5n/1) by (\/I+2\/l). 



43 13 y-^ 
Ana. — +— V^. 



9. Divide 4v|- by ( VT+3vJ). 



^~- 10- 



10. Divide 1 by *i/T+ VT. 

*v^- *-/;^+ v^- v^ 

J.9W. ^ r . 

11. Divide *V^+*VT by Va"-*V^. 
a+5+2 •/a^+2Vfl^+2*Vay 



ilfw. 



a-i 



F(?rf7Mi^u>n of Powers, and Extraction of Roots. 
229* By raising ^a to the n*^ power, we have 

by the rule just given for the multiplication of radicals. Hence, 
for raising a radical to any power, we have the foUowing 

RULE. 

Raise the quan^ under (he sign to the given power, and affect 
Ike restdt loith the radical sign, having the primitive index. If it 
has a eo-efficienif first raise it to the given power. 

Thus, (V4?)»=V0ia»)«===VT6?===2a*V^; 

(3V2;;)»=3^V(2aV'=243V32;^=486aVi^ 
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When the index of the radical i» a multiple of the power, the re- 
8ult can be reduced. 

For, V2a=\^ V2a (Art. 214); hence, to square V2a, we 
have only to omit the first radical, which gives (S^2a) = V2a. 

Again, to square V3^, we have V^^=^^/ %^3?' hence 

Consequently, when the index of the radical is divisible by the ex-- 
poneniofihe powers perform this division^ leamng the quantity under 
the radical unchanged. 

To extract the root of a radical, multiply the index of the radical 
by the index of the root to be extracted^ leamng th^ quantity under the 
sign unchanged. 

Thus, \/VTc=''VTc; y/WTc=^'VTc, 

This rule is nothing more than the principle of Art. 176, enun- 
dated in an inverse order. 

When the quantity under the radical is a perfect power, of the 
degree of either of the roots to be extracted, the result can be re- 
duced. 

Thus, \/ Vi? being equal to \/ \^8a» it reduces to VSa. 

In like manner, \/'V9?=\/ -/9^i=''/3a. 

It is evident that Vv^="Vv^a; because both expressions are 

equal to "Vo^Art. 214). 

230. The rules just demcnistrated for the calculus of rac^aLs, 
principally depend upon the fact that the n^ root of the product of 
several factors is equal to the product of the n** roots of these fac- 
tors ; and the demonstration of this principle depends upon this : 
When the potoers, of the same degree^ of two expressions are equal. 
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the expreuiona are also equaL Now this last proposition, which is 
true for absolute numbers, is not always true for algebraic expres- 
sions. 

To prove this, we will show that the same number can have 
more than one square root, cvhe root, fourth root, SfC. 

For, denote the general expression of the square root of a by x, 
and the arithmetical value of it by jp ; we have the equation ar'=a, 
or 0^=1?^, whence «=±:p. Hence we see that the square ofp, 
which is the root of a, will give a, whether its sign be + or — . 

In the second place, let x be the general expression of the cube 
root of a, and p the numerical value of this root ; we have the 
equation 

a?=za, or a?=s]f» 

This equation is satisfied by making x:=sp. 

Observing that the equation a^sp' can be put under the form 
0?— .p'=:0, and that the expression a^— J^ is divisible by x—p, (Art. 
59), which gives the exact quotient, si^+px+jp^, the above equation 
can be transformed into 

{x—p) («'+|)a?+y*)=0. 

Now, every value of x which will satisfy this equation will satis- 
fy the first equation* But this equati(»i can be verified by suppos- 
ing «— jp=0, whence a?=p ; or by supposing 

s^+px+f=0, 
firom which last we have 

Hence, Ae cube foot of a, admks of three different algebraic ta- 
UieSfVix* 

Pf p[ — 2 — /' ^^ n — 2 — /• 

Again, resolve the equation s[l*=:p\ in which p denotes the arith- 
raetical value of i/a. This equation can be put under the finm 
«•— 1^=0. Now this expression reduces to {a^-—^) (a5*+|^). 



Digitized by 



Google 



236 AIiGBBRA. 

Heiice the equation reduces to («•— 1>*) («*+p*)=0, and can 
be satisfied hj supposing «■— jp«=0, whence a?=dbp ; or by suppos- 
ing aj*+p*=0, whence a:=db V ^]^=dop V— 1. 

We therefore obtain four different dlgehraic expressions for the 
fourth root of a. 

For another example, resolve the equation • • • • a^r=p*. 
which can be put under the form a;*— 1^=0. 

Now a^—jp* reduces to (a;'—!?') (a:* +!>')> 

therefore the equation becomes .... (ar*— j>^) (a?+|)^)=0. 

But 0?— j>^=0, gives 

x=pf and «=:p^ g j. 

And if m the equation a?+j^=0, we make p=i^p\ it becomes 
«^— jp''=0 from which we deduce «=|/, and 

"2 — ;)' 

or» substituting for |/ its value, — p, 

a;r=:-p and «=:-.p^ j. 

Therefore the value of x, in the equation ai^— p'^O, and conse- 
quently the 6th root of a, admits of six values, p, op, a'p, ->p, 
— ap, -^a'pf by making 

_1+'V/"IT ^ -l-VTIF 
«= 2 ' ~~2 ^- 

We may then conclude from analogy, that a; in every equation oi 
the form af"— a=0, or af"— p^ssO, is susceptible of m different va- 
lues, that is, the m^ root of a number admits of m different dlge* 
hraic values* 

231 . If in the preceding equations and the i*esults corresponding 
to them, we suppose as a particular case ad, whence p=l^ we 
shall obtain the second, third, fourth, &c. roots of unity. Thus 
+1 and —1 are the two square roots of tfn%, because the equ^tioA 
«*—l5s=0, gives a?=i;l. 



r=p'(: 
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— 1-1- V— 3 — 1— V— 3 
In like maimer +1, , , are. the three 

cube roots of unity, or the roots of a^—l=:0. And 

+1,-1, + V— 1, — •/— 1, are the four fourth roots of unity, 
or the roots of «*— 1=0. 

232. It results from the preceding analysis, that the rules for the 
calculus of radicals, which are exact when applied to absolute num- 
bers, are susceptible of some modificatumsj when applied to expr^s- 
siani or aymhoU which are purely algebraic ; these modifications are 
more particularly necessary when applied to imaginary expressions^ 
and are a consequence of what has been said in (Art. 230). 

For example, the product of V —a by V —a, by the rule of 
(Art. 228), would be 

V — ax V — a= V+cF* 
Now, VcF is equal to dba (Art. 230) ; there is, then, q)parent. 
ly, an uncertainty as to the sign with which a should be affected. 
Nevertheless, the true answer is — a ; for, in order to square y/m^ 

it js only necessary to suppress the radical; but the V —a x V— a 
reduces to ( V—a) , and is therefore equal to —a. 

Again, let it be required to form the product V —a X V —J, 
by the rule of (Art. 228), we shall have 

y ~a X V — J = V+ab. 
Now, Va5=:db|> (Art. 230), p being the arithmetical value of 
the square root of ah ; but I say that the true result should be — p 

or — Vai&, so long as both the radicals V— a and V— 3 are con- 
mdered to be affected with the sign +. 

For, '/^= y/a. V^ and . V^z=: ^h. V^ , 



'/Ilax V^ = ^a. V^X V^x V^= -/a^( V^)' 
= V«5x — 1=— VflF. 
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Upon this principle we find the different powers of V— 1 to be» 
as follows : 

and ( V^y={ V^y.{ -/^)*=-ix-i=+i. 

Again, let it be proposed to determine the product of *V — a by 

the V—b which, from the rule, will be Vh-o^ and consequently 
wfll give the four values (Art. 230). 

+ V^, -*Vai, + V^. -/HIT - V^ -/IT. 
To determine the true product, observe that 

But *V^ITx*V^Ia^(V=T)*=(\/ V^^y^ V^TTT 

hence *V— a . V^— 3== *Va5. V— 1. 

We will apply the preceding calculus to the verification of the 

ezpressMXi 5 * considered as a root of the equatuon 

«*— 1=:0, that is, as the cube root of 1 (Art. 280). 
From the formula (a+5)^=a'+ fk^b+Sat^+P, 



we have 



\ 2 / 

(-i)3+8(-i)«. v'^+3(^i).( V^y+{ V^y 

8 



8 8 



=1. 



The second value, , may be verified in the same 

manner* 

Theory of Exponents. 

233. In extracting the n^ root of a quantity a% we have seen 
that when m is a multiple of n, we should divide the exponent m by 
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n the index of the root ; hut when m is not divisible by n, in which 
case the root cannot be extracted algebraically, it has been agreed 
to indicate this operation by indicating the division of the two ex- 
ponent^. 

.— "• 
Hence, Va'*=a'», from a conventian founded upon the rule for 

the esptmeniaf in the extraction rf the roots of monondalt. In such 

expressions f the numerator indicates the power to which the quantity 

is to be raisedj and the denominator^ the root to he extracted. 

Therefore^ V«"=« ; \/a^=<f. 

In like manner, suppose it is required to divide oThy O". We 
know that the exponent of the divisor should be subtracted from the 

a"* 

exponent of the dividend, when m'^n, which gives — =a*^. 

But when ifi<n, in which case the division cannot be effected alge. 

braically^ it has been agreed to subtract the exponent of the divisor 

from that of the divid^id. Let p be the absolute difierence between 

a"* a"* 

n wd m ; then will nssm+p, whence -^-^Tszar^ ; but — ;jj 

reduces to — - ; hence a-*=---. 
a^ a? 

Therefore, the expression ar^ is thei sjrmbol of a division which it 
has been impossible to perform ; and its true value is the quotient 
represented by unity divided by the letter a, affected with the ex. 
ponent p^ taken positively. Thus, 

The notati(»i of fractional exponents has the advantage of giving 
an entire form to fractional expressions. 

From the combination of the extraction of a root, and an impos- 
able divisioni there results another notatioui viz. negative fractional 
exponents. 
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In extracting the n* root of — , we have first — =a-**, hence 

\/ — = Vtf~*=a ", by substituting a firactional exponent for 
the radical sign. 

Hence, a"» tf^f a **, areconveniUnudeacpresHonSyfimndedupc 

1 " / 1 

on preceding ndea^ and equivalent to V?i — > V^^^tf^' 

We may therefore substitute the second for the first, or recipro- 
cally. 
As fl^ 18 called a to the jn power, when p is a positive whole num. 

ber, so by analogy, a " , a"^, a " , are called a to the — power, a to 

* m 
the — J9 power, a to the power, which has induced algebra- 

ists to generalize the word power ; but it would, perhaps, be more 

m m 

accurate to say, a, exponent — , exponent — p, exponent 

n fi 

using the word power only when we wish to designate the product 

of a number multiplied by itself two or more times. 

Since arP and — are equivalent expressions, also a'' and — ^^^ 

we conclude that any factor may he transferred from the numerator 
to the denominator^ or from the denominator to the numerator, hy 
changing the sign of its exponent. 

Multiplication of Quantities ejected with any Exponents. 

SL a. 
234. In order to multiply a' by a% it is only necessary to add 

the two exponents, and we have 

For, by (Art. 233), a*= Vo* ; «*= V«* 
hence, a* X a* = V«' X V^ » 
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OTf perfonning the multiplication by the rule of (Art. 228), 

Again, multiplying a * by a' , we have 

for, a"*=^i-, a*= VJ\ 

hence 

-i!L Z. 

In general, multiplying a " by a< ; we have 

Therefore, in order to multiply two monomials affected with any 
exponents whatever, add, together the exponents of the same letter ; 
this rule is the same as that given in (Art. 41), for quantities affect- 
ed with entire exponents. 

Prom this rule we will find that 

and 3tf-*i*x2a"^J*c*=6a'"Vi*c«. 

Division. 

235. To divide one monomial by another when both are affected 
with any exponent whatever, follow the rule given in Art. 50 for 
quantities affected with entire and positive exponents ; that is, «u}. 
tract the exponents of the letters in the divisor from the exponents of 
ike same Utters in the dividend. 

For, the exponent of each letter in the quotient must be such, 

that, added to that of the same letter in the divisor, the sum shall 

be equal to the exponent of the letter in the dividend ; hence the 

exponent in the quotient is equal to the difference between the ex* 

ponent in the dividend and that in the divisor. 
16 
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ZXAMPhBB. 

Formation of Powers. 

236. To form the n^ power of a monomialy afTected with any 
exppneotwhatevery obaerye the rule, {^ven m. Art 220, viz. micAf* 
ply the exponent of each letter by the exponent m of the power ; for, 
to raise a quantity to. the m^ power, is the same thing as to Multi- 
ply it hy itself m— 1 times; therefore, hy the rule for multiplica- 
tion, the exponent of each letter must be added to itself m— 1 times, 
or multiplied by m. 

Thus, (aV*=a^; (a*)'=a*=:^« ; 

Extraction of Roots. 

237. To extract the n^ root of a monomial, follow the rule given 
in Art. 220, viz. dtoide the exponent of each letter by the index of 
the root. 

For, the exponent of each letter in the result should be such, 
that multiplied by n, the index of the root to be extracted, there 
will be produced the exponent with which the letter is affected in 
tiie proposed monomial ; therefore, the exponents in the result must 
be respectively equal to the quotients arising from the division of 
the exponents in the proposed monomial, by n, the index of the 
root. 



Thus, V?==a*; S/a^a^i 



V. 



ah'' z^ah '. 
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The last three rules have been easily deduced from the rule fi>r 
multiplication ; but we might give a direct demonstraticm for them* 
by going back to the origin of quantities afifected with fractional 
and negative exponents. 

We will terminate this subject by an operation which contains 

implicitly the demonstration of the two preceding rules. 

i r 
Let it be required to raise a " to the power ; 

We say that, 



(.^r= 



a"*" •=J" 



For, by going back to the origin of these notations, we find that 
/•^\-T ' / 1 ' / 1 ' / 1 

The advantage derived from the use of exponents consists prin- 
cipally in this : The operations performed upon expressions of this 
kind require no other rules than those established for the calculus 
of quantities affected with entire exponents. Besides, this calculus 
is reduced to simple operations upon fractions, with which we are 
already familiar. 

238. Rbkabk. In the resolution of certain questions, we shall 
be led to consider quantities affected with incommensurable expo- 
nents. Now, it would seem that the rules just established for com- 
mensurable exponents, ought to be demonstrated for the case in 
which the exponents are incommensurable ; but we will observe, 

that an incommensurable, such as V^, S/lT, is by its nature com- 
posed of an entire part, and a fraction which cannot be expressed 
exactly, but to which U is possible to approximate as near as we 
please^ so that we may always conceive the incommensurable to be 
replaced by an exact fraction, which only differs from it by a quan- 
16* 
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lity less than any given quantity ; tfnd in applying the rules to the 
symbol which designates the incommensurable, it is necessary to un- 
derstand tlMit we apply it to the exact fraction which represents it 
approximatively* 



EXAMPLBS. 



2>/2x(8)* 
Reduce ■ to its simplest terms. 



Ana. 4V8 



Reduce ) i(2) v8 t ^^^ simplest 
( 2V2(3)*J 



terms. 



^»'- ^t'"^- 



Reduce 



i 2^/2.(i)* ) 



tOrits simplest terms. 



Ans. Vy(4-'^^+^^^)- 



Demonstration of the Binomial Theorem in the case of any 
Exponent whatever. 

239. Since the rules for the calculus of entire and positive expo- 
nents may be extended to the case of any exponent whatever, it is 
natural to suppose that the binomial formula, which serves to deve- 
lop the wi^* power of a binomial when m is entire and positive, will 
also eflfect this when m is any exponent whatever. In fact, analysts 
have discovered that this is the case, and they have deduced im- 
portant consequences from it, hath for the extraction of roots by ap* 
proximationf and the development of cAgehraic expressions into series^ 

The following is a modification of Euler's demonstration. 

We will remark, in the first place, that the binomial x+a can 

be put under the form a?f IH — j ; whence these results 
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(«+a)'»=ar(l+— ^ =«"(!+«)"•, by making — =5, 
Therefore, if the formula 



18 proved to be correct for any value of m, we may consider the 
formula 

TO— 1 OT--2 , . . .«x 

+W . — ^— . — 3— a'aJ*^+, &c. (B) 

a 
exact for any value of m. For, by substituting — for 2 in the 

formula (A), and multiplying by sT^ we obtain 

(a?+a)'»=af»^^l+m— +i» . — ^ — . — +, &c. j, 

from which, by performing the operations indicated, we obtain the 
formula (B). 

Now, when tn is a whole number, we have 

TO— 1 , TO— 1 TO— 2 

(1+2;)'"=1+TO«+TO. — - — v^+m. — - — . — - — 25+, &c. 

But, if TO is a fraction — , we do not know from what algebraic 
expression the development 

TO— 1 , TO— 1 TO— 2 , , . , . , 

1+TO«+TO — - — ar+TO, — - — • — r — «*+, &c. • • • IS derived. 
Denoting this unknown expression by y, we have the equation 

TO— 1 . TO— 1 TO— 2 ^ 
y=l+TO«+«. ««+TO. — ^ — . — - — 1?+, &c (1). 

and it is now required to prove that y=s(l+2)'"* 

If m' is another fractional exponent, we shall have in like manner, 

, m'-l . . to'-1 to'-2 , . 
V'-l+waf+m'. — g — «•+«'. — ^ — . — g — r'+,&c...(2. 
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Multiplying the equations (1) and (2), member by member, we 
shall have for the first member of the result y^. As to the second, 
it would be very difficult to obtain its true form, by the common 
rule for the multiplication of polynomials ; but by observing that 
the form cf a product does not depend upon the particular values of 
the letters which enter into its two factors (Art. 47), we see that the 
above product will be of the same form as in the case where m and 
m' are positive whole numbers. Now in this case we have 

^ m— 1 , ^ 

l+ma^+m . — r — r+ . . . =(l+2;)*, 



2 

/ 



Hi'— 1 



whence 

(l+m«+m.-^^— «»+ . . . )(l+m'«+m\-^^z»+ ) 

Therefore this form is true in the case in which m and m' are any 
quantities whatever, and we have 

j/y'=l+(«i+m>+(m+«i')^^±|^.2;»+ , (3); 

Let m" be a third positive fractional exponent, we shall have 

4^ultiplying the two last equations member by memb^, we have 

p 
Suppose the fractional exponent in= — . Take as many exponents 

fli, fn\ m'\ m!"y &c, as there are units in ^ ; we shall have, by mak- 
ing r equal to the sum of the exponents »i+»i'+i»"+a»'"+ , . . 

yyYy'". . . .=l+r»+r • ^^^^+r . ~ . ^^^^+ . . . (4>. 



Digitized b^ VjOOQIC 



BINOMIAL THEOREMS. 247 

And by supposing m=in' =«"=)»"' . . , in which case 

r=m+m+m+m+ . . • sm^, 

the equation (4) becomes 

flw— 1 . mq—l fnq^2 , 

tf^^l+mq.z+mq. ^ x '+mq. ^^ .-2^-^+ . . . 

Now we have by hypothesis, m= — f or mq=:p ; 

«— 1 p— 1 p— 2 

hence y«r=l+p.a;+|,.-^-2»4.p.-^._-«3^ ^ ^ ^ 

but p is a whole number, therefore the second member of this equa- 
tion is the development of (1+a;)^ which gives y»=(l +«)*•, whence 

y=(l+«)« s=:(14.«)"»; consequently 
(1 +«)*= 1 +flw+m-*""' 

m being any positive fraction. 

To demonstrate this formula, for the case in which m is a negative 

fraction or whole number, it is only necessary to suppose, ffi'= —my 

in the equaticm (3) obtained from the equations (1) ^nd (2), for 

when m+mf =iOf the equation (3) reduces to ^=^1; whence 

1 

But since ffi is n^ative by hypothesis, m' or —m, must be posi- 
tive, and we have 

y'=(l+,)^ hence y= (i+^)^ =(l+t)-^=(l+«r, 

and consequently 

m-1 . 
(l+«)*=14.««+m — - — .«■+ . • . or 
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Applications g/ the Binomial Theorem. 



240. If in the formula 






{x+a)-. 


= 


/ a m— 1 
^[l+m. ^+m. ^ 




«-l 


m-2 o^ \ 
• 3 V^-7 




2 




1 

we make m= — , 
ft 


it becomes 


(x+a)~ 


or Va?+a= 




JL/ 1 a 1 
\ ^n X n 


1 

n 

• 2 


-.J^ 


1 
1 n "■ 


1 
-1 — — 2 


•) 


n' 2 


• 3 -^J •• 


or, reducing, 




' 




Va?+a: 


= 


±/ 1 a 1 
\ * n X n 


n-1 


/l' 


n-1 


2n-l o^ 


) 


' 2n 


V^n 


• 2n " 


3n • aP 


J 


TKa fiftli t«rrn nm 


1 hA fn 


iinH hv m 


lultinlvini 


3n— 

r thfi fourth hv 


1 



* *'" "* ^ ^ "' ""'^ -^ ""^ -^ 4i» 

a 

and by — , then changing the sign of the result, and so on. 

241. Rekabk. When the terms of a series go on decreasing in 
value, the series is called a decreasing or eonverging series ; and 
when they go on increasing in value, it is called a diverging series. 

In a converging series the greater number of terms we take in 
the series, the nearer will we approximate to the true value of the 
proposed series. When the terms of the series are alternately 
posiHve and negaiioe, we can, by taking a given number of terms, 
determine the degree of approximation* 

For, let a— i+c— d+c— /+ . . ., &c. be a decreasing series , 
hf Cfd . . • being positive quantities, and let x denote the number 
represented by this series. 

The numerical value of x is contained between any two ccmsecu- 
tive sums of the terms of the series. For take any two consecutive 
nnnsy 

a-'b+C'^d+e—ff and a-^h+c — d+e^f+g. 
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In the first, the terms which follow — /, are g— A, + Ar— 7+ . . . 
but since the series is decreasing, the partial differences ^— A, 
k^lf • • • • are positive numbers ; therefore, in order to obtain the 
complete value of x, a certain positive number must be added to the 
sum a— i+c— d+«— ;/". Hence we have 

In the second series, the terms which follow +g are -^h+k^ 



— /+m Now, the partial differences — A+Ar, — Z+m . . ., 

are negative ; therefore, m order to obtain the sum of the series, a 
negative quantity must be added to 

(i—i+c-d+e^f+g, 

or, in other words, it is necessary to diminish it* Consequently 

a—h+c-^d+e-^f+gyx. 

Therefore, x is comprehended between these two sums. 

The difference between these two sums is equal to g<. But since 
X is comprised between them, their difference g must be greater than 
the difference between x and either of them ; hence, the error com* 
mined hy taking a certain number of terms^ a— b+c— d+e— f, for 
the valve of x^is numerically less than thefoUowing term, 

242* The binomial formula also serves to develop algebraic ex- 
pressions into series. 

Take for example, the expression ^j , we have 

1— « ^ ^ 

In the binomial formula, make fn=:— 1, «=1, and a=— 2, it bo- 
omnes 

_1 Z±Z1 Zll± ._,^._ 
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or, perlbnning the operatioos, and observing that each term is ccMn- 
posed of an oven number of factors affected widi the sign — , 

(l-.«)-»=Y— =l+2+2;»+a;«+«*+2;»+ .... 

The same result will be obtained by applying the rule ^r divi- 
sion (Art. 55). 

1 I l-« 

Igt* remainder . +z I l+z+s^+^+a^+ . . • 

2d +«• 

3d* • • • • -4-a^ 
4th +«* 

+ •.. 

2 
Again, take the expression tj—"^^ ^' 2(1— «)"*. 

We have 2(1 —«)'»=: 

or 2(l-«)-»=2(l+3j8+6a»+10«»+15«*+ . . . .) 

To develop the expression V2«— «■ which reduces to 

V2»(l— 1-)% we first find 

(._l)Wi(.±)4.i=i.(_l)V... 



1 1.5. 

=sl z «■ »*- 



hence V2i=^= V2i(l«l,-1,--.^-, &c.) 



EXAMPLES. 
1 



1. To find the value of . . r\i» o' i*" equal (a+*)~* in an in- 
finite i 
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2. To find the value of 9 in an mfinite series. 

r+x 

Ans. r— ffH J5""*'7j^ 

8. Required the aquare root of ,^^ in an mfinite series. 

4. Required the cube root of . , ^^, in an infinite series. 



1 / 2aj* 5a?» 40a* . \ 



Method of Indeterminate Co-efficients. Recurring Series. 

243. Algebraists have invented another method of developing 
algebraic expressions into series, which is in general, more simple 
than those we have just considered, and more extensive in its appli- 
cations, as it can be applied to algebraic expressions of any nature 
whatever. 

Before considering this method, it will be necessary to explain 
what is meant by the term function* 

Let a=h+c. In this equation, a, h and c, mutually depend on 
each other for their values. For, 

a=ih'\'Cf b:=sa-^Cf and c=a-^3. 

The quantity a is said to be Si Junction of h and c, h & function of 
a and e, and c a function of a and h. And generally, when one 
fuantitif depends on osiers for its value, it is said to he a function if 
those ^[uanHOes on which it depends 

In order to give some idea of this method of development, we will 

a 
suppose it is required to develop the expression , j, into a se- 
ries arranged according to the ascending powers of a;. It is plaiQ 
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a 
that the expreasioD can be developed; for , ' ^ reduces to 

a{a^+l/g)~^ ; and by applying the binomial formula to it, we should 
evidently obtain a series of terms arranged according to the asc^ad- 
ing powers of c. We may therefore assume 

.^r^==il+B«+C«»+Z>«»+£«*+fV+ (1) 

the co-efficients A^ B^ C, D, * . . being functions of a, a\ h\ but In- 
dependent of «9 h is required to determine these co-efficients, which 
are called indeterminate coefficients. 

For this purpose, multiply both members of the equation (1) by 
a!+h'xi arranging the result with reference to the powers of 
Xj and transposing a, it becomes 

_ C Aa'+Ba' I x+Ca' I x'+Da' I a»+Ea' !«•+... (2). 
^'~ ( -m+Ab' 1 +Bb' I +Cl/ I +DI/ \ 

Now if the values of A, B, C, D, . • . were determmed, the 
equation (1) would be satisfied by any value given to x ; this must 
therefore be the case also in the equation (2). 

But by supposing a;=0, this equation beccnnes, 

0=-4a'— a; 

a 
Whence -4=— r ; 

of ' 

a 
A being equal to -^, when x=0, this must be the value of it wheo 

w is any quantity whatever, since A is independent of a; by hypothe- 
sis ; therefore whatever may be the value of x, the equation (2) 
reduces to 

Ba' I x+Ca! I a^+Da' I aj'+ ; or, dividing by x^ 

+AV I +BV I +Cb'\ 
_ ( Ba' I +Ca' I X +Da' \a^+ (3). 

^"" I +Ab' 1 +By I +cy I 

This equation being also satisfied by any value for Xf by making 
ffaOy it becomes Ba'+Ab'^Q. 



I 



Digitized by 



Google 



INPBTBBMINATE CO*-SFFICISIfT8. 253 

Whence B= ^, or 5=-— X-^=-^. 

As tbis must be the value of B whatever may be that of x, we 
will suppress the first term Baf+AI/ of the equatioa (3), which 
this value of B makes equal to zero, and divide by a; ; it tlnis be- 
comes 

Making x=:Of there results 

Ca!+Bb'=:0. 

Whence C=— ^, or C=~(-;^Jx^=-^. 

In the same way we should find 

Whence Z>= :t-, or 2>=— rr-x — -r= tt 5 «^d so on» 

a! a'^ of a'* 

It is easily perceived that any co-efficient is formed from that 

y 

which precedes it, by multiplying by — — ; therefore we have, 

a 

a _ a al/ aHP ^ al/* n^* 

244. By reflecting upon the preceding reasoning, we pereeive, 
that the fundamental principle of the method of indeterminate co. 
efiicients, depends upon this, viz., when an equation of the form 
0=Jf+iVir+P«"+Qa?+ . . .. (JIf, iV, P, Q, . . . being independent 
of ff), is verified by any vahte of x uihaJtever^ each of the co-efficients 
muH necessarily be equal to 0. 

For since these co-efficients are independent of Xj when they are 
determined by any particular hypothesis made with respect to x^ 
the values must answer fbr any value of x whatever. Now, mak- 
ing x=:0, we find Jf=0, and dividing the equaHon by x^ it reduces 
to 

0=^N+Px+Qa^+ . . • 
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making ff=0 in Uiis equatioDy it becomes JV=0, and dividing the 
equation bya^it reduces to Q=iP+Qx+ • • • and so on* Hence we 
haye 

Jir=0, JV=0, P=0, Q=0 . • • ; 
in Uiis manner we obtain as many equations as there are co-effi- 
cients to be determined. 

This principle may be enunciated in another manner^ viz. 

When an equation of Aeform 

a+hx+cx'+d3^+ . . . =a'+y»+cV+<r«*+ . . . 

IS satisfied by any value given to x, the terms involving the same 
powers in the two members are respectively equal ; for, by trans- 
posing all the terais into the second member, the equation will take 
the form 0=M+Px+Qa^+ ...» whence 

n^— a=0» y— &=0, </— c=0 . . . . , 

and consequently, 

tizsaf l/s=hf cf=Vf d'=zd • • • •« 

Every equation in which the terms are arranged with refer^ice 
to a certain letter, and which is satisfied by any value which can be 
given to this letter, is called an idendcai equation^ in order to distin- 
guish it from a common equaUony that is, an equation which can <xily 
be satisfied by giving particular values to this letter* 

245. The method of indetermtnate co^eficients requires that we 
should know the form of the deveiopment,with reference to the ex- 
ponents of x» The development is generally supposed to be ar. 
ranged according to the ascendii^ powers of «, commencing with 
the power a^ ; sometimes, however, this form is not exact; in this 
case, the calculus detects the error in the supposition. 

For example, develop the expression — — ^. 

Suppose that g— ^=-4+-B«+Ca*+2)a?+ . . . ., 
whence, by clearing the fracti(»} and arranging the tenns. 
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-.^1 ^5 I -C I 
whence (ArU 208), 

-1=1:0^ 34^0, ZBr-A=iO 

Now the first equation, —1=0, is absurd, and indicates that the 

above form is not a suitable one for the expression ^ „ ; but 

if we put this expression under the form — X^ > and suppose 

tiutt 

—X-^--=—(:A+Bx+Cci?+Dx'+ ), 

it will becpme, after the reductions, are made, 

which gives the equations 

3-A-l=0, ft0-A=::O, 8C-B=0 . . ., 

whence 4=-, B=-, C=^ i>=- . . . 

Therefore, 

1 1/11 1^1 \ 

_i ,_l1o^i . 1^,. 

or - g or +-9«"+2^ar+gj«-+ . . . , 

that is, the development contains a term affected vrith a negative 
exponent. 

Recurring Seties. 

246* The development of algebraic fractions by the method of 
indeterminate co-efficients, gives rise to certain series, called recur* 
ringuries* 

A recurring series is the development of a raUonal fraction inodv- 
ing X, made according to a fixed law^ and containing the ascending 
powers of X in its different terms. 
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It bae been diown in Art. 243, tbat die development o( the ex- 
+]^ w tbe aenes -^-x+^^- 



7^+ 



..f in. 



pression 

wbich eacb term is formed by multiplying that which precedes it 

by -^x. 

This property is not peculiar to the proposed fraction ; it belongs 
to all rational algebraic fractions, and it ccmsists m this, viz. : Every 
rational fraction invdving x, may he developed into a series ofterms^ 
each of which is equal to the algebraic sum of the products whieh 
arise from multiplying certain terms of a particular expression^ hy. 
certain of the preceding terms of the series. 

The particular expressicHi, from which any term of the aeries 
may be found, when the preceding terms are Imown, is called the 
scale of the series ; and that from which the co-efficient may be 
formed, the. scale of the co-efficients* 

y 

In the preceding series, the scale is ^-7^, and the series is call- 



ed a recurring series of ihe first order ^ and -^-j is the scale of the 

co-efficients. 

a+hx 



Let it be required to develop 
a+hx 



mto a series. 



Assume 



a'+h'x+ds^ 



Clearing the fraction and transposing, we have. 




x+Ca! 


ar'+Daf 


a»+Ea' 


+BV 


+CV 


+DI/ 


+Ad 


+Be' 


+Ctf 



«•+ . . 



which gives the equations 



^a'— a=0, or 4^=^r7 
a 



Ba'-^-Alf^ h =0, or 5=- 



V 



r^+7 
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Ca'+5y+^c'=0, or C^---^B--—A 

V d 
Daf+CV+Bcf=zO, or Z>=— ^C— ^JB 

fia'+Z>y+Cc'=0, or B^ — rJ> — r^f. 



Whence we perceive that the two first co-efficients are not pb- 
tained by any law ; but commencing at the third, each co-effcient 
is formed by multiplying the two which precede it respectively by 

y d 

—7 and 7", viz. that which immediately precedes the requir- 

V e 
ed co-efficient by r> ^*t which precedes it two terms by 7-, 

and taking the algebraic sum of the products. Hence, 



V a' d) 



is the scale of the co-efficients. 

From this law of the formation of tlie co-efficients, it follows that 
the third term of the series, Ci? is equal to 

V e 
al a' 

V e 

or — T«J5 « — rJB* • A. 

a a 

I9 like manner, we have for Dt^ 

V d 
a a 

V e 

or — "— 7« • C*" — 7** • Bx* 

a a 

Henoe, each term of the required series, comBamicing at the 

third, is obtained by multiplying the two terms which precede, re* 

spectively by 
17 
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and taking the sum of the products : hence, this last expression is 
the 8caU of the series. 

247. Recurring series are divided into orders, and the order is 

estimated by the number of terms contained in the scale* 

a 
Thus, the expression , ,/ gives a recurring series of the first 

V 

order, the scale of which is j-x. 

a' 

The expression / , y » /^ will gire a recurring series qf the 
second order, of which the scale will be 

The series obtained in the preceding Art, is of the second order. 
In general, an expression of the form 

a+hx+c(t'+ . . . A:af*-* 
af+b^x+c'a^+ . . . ifcV 

gives a recurnng series of the n*** order, the scale of which is 

Remabk. It Lb here supposed that the degree of x in the numera- 

tor is less than it is in the denominator. If it was not, it would first 

be necessary to perform the division, arranging the quantities Vith 

reference to x, which would give an entire quotient, plus a fraction 

similar to the above. 

. 1— a;— 8aj'+4ar»+aj* 
Thus, in the expression ^^^^^3^^^ > 



+7a^-8a!«+« 






+13a!^— 84«4-15. 
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Performing the division, we find tke quotient to be — tf^T, plus 
the fraction 

13«2-34a?+15 15=34a+13j? 



— «3+3«2-5ap+2' 2-5«+3a»-«» 



CHAPTER VI. 

Continued Fractions^ Exponential (iuantities^ and 
Logarithms, 

65 

248. Having given a fraction of the form — r, in which the 

14*7 

terms are large, and prime with respect to each other, we are una- 
ble to discover its precise value, either by inspection or by any 
mode of reduction yet explained. The manner of approximating 
to the value of such a fraction gives rise to a series of numbers,, 
which taken together, form what is called a continued fraction. 

65 

249. If we take, for example, the fraction y^q' ^^^ divide both 

its terms by the numerator 65, the value of the fraction will not 
be changed, and we shall have 



65 


1 


149" 
65 


'149' 

65 

1 



« effecting the diTision, 149=2+19 

65 

17* 
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19 

Now, if we neglect the fractional part ^ of the denonunator, 

we ahall obtsun — for the approximate value of the given fraction. 

But this value would be too large, since the denominator used was 
ioostnaU. 

19 

If, on the contrary, instead of neglecting the part — , we were 

to replace it by 1, the approximate value would be — , which must 

o 

be too small, since the denominator 8 is too large* Hence 
65 l^ _66_ 1 

therefore the value of the fraction is comprised between — and -^, 

If we wish a nearer approximation, it is only necessary to ope- 

19 65 

rate on the fraction — as we did on the given fraction , ,^ , and 
oo ^ 149 

we obtain 



19 


1 


65 
65 


3 + 8 
19' 

1 


149 


2+1 



hence 

8+8 
19- 

8 
If now, we neglect the part -r^ the denominator 3 will be less 

than the true denominator, and — will be larger than the number 

o 

which ought to be added to 2 ; hence, 1 divided by 2+— will be 

8 

Jete than the value of the fraction : that is, if we reject the frac- 
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tioDal part after the seopad reduction^ we shall have 

65 8 

If we wish to approximate still nearer to the value of the given 
fraction, we find 

Jl^_J 

19" 2+^ 

and by substituting this value, we have 

65 _1 

149 ■" 2 +1 

3+1 

2+3 

T 

3 

Now, if we negloct the fractional part —,«' after the third reduc- 

tkm, we see that 2 will be less than the real denommator ; hence 

— will be larger than the number to be added to 3 : that is, 
2 

3+-2-:=— IS too large ; hence 

1 2 

— =-=r is too small, and 



-—=-— is too large, and hence 
lo lo 

T 

65 7 
■l49"^16' 

Now, as the same train of reasoning may be pursued for the re* 
ductions which follow, and as all the results are independent of par- 



Digitized by 



Google 



262 ALGEBRA. 

ticulor numbers, it follows that, if we stop at an odd reduction^ and 
neglect the fractional part, the result tnU he too great ; hut if we stop 
at an even reduction^ and neglect the fractional part, the result tciU 
he too small. 
Making two more reductions, in the last example, we have, 

65 1 

149 ""2+1 * 

3+1 

2+1 

2+1 
1+Jl_ 
2. 
250. Let us take, as a general case, the continued fraction 
1 

«+l 

h+l 

c+l 
d+1 



/+, &c. 

Hence we see, that a continued fraction has for its numerator the 
unit 1, and for its denominator a whole numher, plus a fraction which 
has Ifor its numerator and for its denominator a whole number plus 
a fraction, and so on. 

251. The fractions 

a* a+l a+l 

c, d^c* 

are called approximating fractions, because each affords, in succes- 
simi, a nearer value of the given fraction. 

The fractions — , -r-, — , &c. are called integral fractions. 

When the continued fraction can be exactly expressed by a vulgar 
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fraction, as in the numerical examples already given, the integral frac- 

tions — , -r-> — 9 &c. will terminate, and we shall obtain an expres- 
a o c 

sion for the exact value of the given fraction by taking them all. 

252. We will now explain the manner in which any approximat- 
ing fraction may be found from those which precede it. 

1 1 . . 

1. — = — 1st. app. fraction. 

1 h 

2. , = ■ , . , 2d. app. fraction. 

a+1 ah+1 '^'^ 

T 

8. r 1 =7"T7Tr"V~ ^^- «^PP* fraction. 

a + 1 {ah+\)c+a ^^ 

e 

By examining the third approximating fraction, we see, that its 
numerator is formed by multiplying the numerator of the preceding 
fraction by the denominator of the third integral fraction, and add- 
ing to the product the numerator of the first approximating frac- 
tion : and that the denominator is formed by multiplying the deno- 
minator of the last fraction by the denominator of the third integral 
fraction, and adding to the product the den^sSnator of the first ap- 
proximating fraction. 

We should infer, from analogy, that this law of formation is ge- 

P Q R 

neral. But to prove it rigorously, let •=7,—,=;, be the three 

approximating fractions for which the law is already established. 
Since c is the denominator of the last integral fraction, we have 
from what has already been proved 

R Qc+P . 

Bf- Q'c+P' • 

Let us now add a new integral fraction — to those already re- 
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or 

duced, and suppose c/ to express the 4th approximating fraction. 

R S 

It KB plain that ^ will become ^ by simply substituting for c, 

c+-ri hence, 
a 

S J^V'^li)'^^ _ {Qc+P)d+Q Rd+Q 

Hence we see that the fourth approximating fraction is deduced 
from the two imndediately preceding it, in the same way that the 
third was deduced from the first and second ; and as any fraction 
may be deduced from the two immediately preceded m a similar 
manner, we conclude, that, the numerator of the n^ approximating 
fraction is formed by multiplying the numerator of the preceding frac- 
Hon by the denominator of the n^ integral fractionj and adding to the 
product the numercOor of the n—^ fraction ; and the denominator is 
formed according to the same law j from the two preceding denomina* 
tors, 

253. If we take the difference between any two of the consecu. 
tive approximating fractions, we shall find, afler reducing them to a 
common denominator, that the difference of their numerators will be 
equal to d=I ; and the denominator of this difference will be the 
product of the denominators of the fractions* 

Taking, for example, the consecutive fractions — ^ and — v — r-, 

we have, 

1 h ah+l—ah +1 



and 



a ab+l a{ab+l) a{ab+l)* 

h hc+l --1 

ah+l {ah+l)c+a'^(ab+l){{ab+l)c+ay 
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, P Q R ^ 

To prove this property in a general manner, let pT* ^> «7» "® 

three conseoutive approximating fractions* Then 
P Q PQ'-'P'Q 



But 



P' Q'~ FQ' • 
Q R R'Q-'RQ' 



Q' R' q;r' 

But R^Qfi+P and i2'=Q'c+P' (Art. 235). 

Substituting these values in the last equation, we have 

Q R ^ {Q;c+P')Q^{Qfi+P)Q! 
Q R R'Q' 



or reducing 



Q R FQ-PQ 



P Q 

From which we see that the numerator of the difference p;*"^ 

Q R 

is equal, with a contrary sign, to that of the difference 37"" «;• 

That is, the difference between the numerators qf any two eonsecuttoe 
approximating fractions, when reduced to a common denominator, is 
the same with a contrary sign, as tliat which exists between the last 
nutHerator and die mmerator of the fraction immediately fMowing, 

But we have already seen that the difference of the numerators 
of the Ist and 2d fractions is equal to +1 ; also that the difference 
between the numerators of the 2d and 8d fractions is equal to — 1 ; 
hence the difference between the numerators of the dd and 4th is 
equal to +1 ; and so on for the following fractions. 

Smce the odd approximating fractions are all greater than the 
true value of the continued fraction, and the even ones all less (Art. 
249), it follows, that when a fraction of an even order is subtracted 
from one of an odd order, the difference should have a plus sign ; 
and on the contrary, it ought to have a minus sign, when one of 
an odd order is subtracted from one of an even. 
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254. It has already been shown (Art, 249), that each of the ap- 
proximating fractions corresponding to the odd numbers, exceeds the 
true value of the continued fraction ; while each of those corres* 
ponding to the even numbers is less than it. Hence, the difference 
between any two consecutive fractions is greater than the difference 
between either of them and the true value of the continued frac- 
tion. Therefore, stopping at the n** fraction, the result will be true 
.to within 1 divided by the denominator of the n^ fraction, multipli- 
ed by the denominator of the fraction which follows. Thus, if Q' 
and R are the denominators of consecutive fractions, and we stop 
at the fraction whose denominator is Q!^ the result will be true to 

within 77iq7* But since a^h, c^df &c. are entire numbers, the de- 
(JIK 

nominator R will be greater than Q', and we shall have 

1 1 

hence, if the result be true to within ,^ it will certainly be true 

to within less than the larger quantity 

1 

that is, ike approximate resuh which is ohtainedf is true to witkit^ 
uniiy dnnded by the square of the denominator of the last approxi^ 
VM&ng fradifm that is employed, 

629 

If we take the fraction -rj=- we have 

, 829 1 

-=2+ 



347 ^2+1 



1+1 

1+1 

19* 
Here we have in the quotient the whole number 2, which may 
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either be set aside and added to the fractional part after its vahie 
shall have been found, or we may place 1 under it for a denomina- 
tor and treat it as an approximating fraction. 

Of Exponential Quantities. 

Resolution of the Equation a*=6. 

255. The object of this question is, to find the exponent of the 
power to which it is necessary to raise a given number a, in order 
to produce another given number &• 

Suppose it is required to resolve the equation 2*= 64. By rais- 
ing 2 to its different powers, we find that 2^=64 ; hence a;=6 will 
safisfy the conditions of the equation. 

Again, let there be the equation 3'=243. The solution is af=5. 
In fact, so long as the second member 3 is a petfect power of the 
given number a, x will be an entire number which may be obtained 
by raising a to its successive powers, commencing at the first. 

Suppose it were required to resolve the equation 2'=6. By 
making a?=2, and a?=3, we find 2^=4 and 2^=8 : from which we 
perceive that x has a value comprised between 2 and 3. 

Suppose then, that «=5:2+— , in which case «'>!. 

Substituting this value in the proposed equation, it becomes, 

2''*^=6 or 2«X2"=6; hence 2"=—, 

/3\*' 
or I— ) =2, by changing the members, and raising both to the 

a/ power. 

To determine a/, make successively a/=cl and 2; we find 

/3\* 3 /3\^ 9 

I — j =— less than 2, and ( — j =-t-, which is greater than 2 ; 

therefore a/ is comprised between 1 and 2. 

Suppose xf=l+grf in which «">!• 
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By substituting this value in the equation (—J =2 
/3\i+JL 3 /3\± 

(y) =y byreducing, 

4 

The two hypotheses a/'=l and a?"=2, give —which is less than 

8 /4v* 16 7 8 

— , and l—j ='o"=l+"o' which is greater than — ; therefore 

s" is comprised between 1 and 2. 
Let a:"=l+— ^77-, there will result 

/4\,+J- 8 4 /4\_L 8 

/ 9 v"" 4 
whence (— k =-5- by redueing. 

Making successively af'^^sl^ 2, 8, we find for the two last bypo- 

/9\« 81 17 ,. 1 , 
theses ^— j =g^=l+^» which is <l+-3-f and 

/9\' 729 217 1 

(t) ~ 512"~^"^"5T2"' ^^^^^ ^ >^+T* ^^'^^^'^ *"' ^ ^5«»- 

prised between 2 and 3. 

I^et «'"=2+— -, the equation involving x'" becomes 



/9\ ^M^ 4 81/9\.«^ 4 

It) ="3'^'64\t/ =ir5 

/25e\:ri^ 9 
and consequently \"243"/ "^"8 * 

Operating upon this exponential equation in the same manner 
as upon the preceding equations^ we shall find two entire num- 
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bers k and k+l^ between which «^ will be comprised. Making 

3rssk+—f «^ can be determined in the same maimer as o^y and 

soon. 

Making the necessary substitutiiHis in the equations 

«=2+i-, af=l+^, »"=1+-^, «"'=2+^ 

we obtain the value of « under the form of a continued fraction 

1 

«=2+ 1 

^+— 
Hence we find the first three approximating fractions to be. 

i' T' T' 

and the fi>arth is equal to 

3x2+1 7 , 
-5^^2+2 =I2 (^'^ «52)' 

which is the value of the firacticmal part to within 

^, or ^ (Art. 234). 

7 31 1 

Therefore *=^+T2~T2 ^ ^^^"^ "TTT* and if a greater de- 
gree of exactness is required, we must take a greater number of 
integral fractions. 

EXAMFIfES. 

8* = 15 0? = 2,46 to withm 0,01. 

10* = 8 « = 0,477 0,001. 

2 
e- = -^ » =5- 0,25 0,01. 
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Theory of Logarithms. 
256. If we suppose a to preserve the same value in the equation 

and y to be replaced by all possible positive numbers, it is plain that 
X will undergo changes corresponding to those made in y. Now, 
by the method explained in the last Article, we can determine for 
each value of y, the corresponding value of x^ either exactly or ap 
proximatively. 

First suppose a>l. 

Making in succession x =0, 1, 2, 8, 4, 5,.,. &c. 

there will result y=a*=:l, a, a", a% a*, a% . . • &c. 

hence, every value of y greater than ttft%, is produced hy the pow^ 
ere of 9Lfihe exponents of which are positive numbers^ entire orfrac- 
tional; and the vabtes of y increase with x. 

Make now aj=0, —1, —2, —8, —4, —5, . • . dec. 

there will result y=a«=l, — , •^, -^, — , -^j . . . &c. 

hence^ every value of y 2e«« tAan uniiy, is produced hy ike powers of 
a, of which the exponents are negative ; and the value of y dimtn" 
ishes as the value of x increases negatively. 

Suppose a<l or equal to the proper fraction -7. 

a 

Making x=:0, 1, 2, 8, 4, . • • &c. 

/1\* 1111 

we find . . . y=^^j =h -^f Y^ 55' 5^' • * ' ^^• 

Making a=0, —1, —2, —3, —4, 

/lv» 

we obtain . • y=(--^j =1, a', a'*, a'', a'*, . . . &c. 
That is, in the hypothesis a<l, all numbers are formed with 
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the different powers of a, in the inverse order of that in which they 
are formed when we suppose a>l. 

Hence, ewry possible positive number can be formed with any con- 
statu positive number whatever, by raising it to statable powers. 

Remabk. The numher a must always he different from unity^ 
hecause all the powers of 1 are equal to 1. 

2157. By conceiving that a table has been formed, containing in 
one column, every entire number, and in another, the eoponents of 
the powers to which it is necessary to raise an invariable numher^ to 
form all these numbers, an idea will be had of a table of logarithms. 
Hence, 

• The logarithm cf a number, is the exponent of the power to which 
it is necessary to raise a certain invariable number, in order to pro- 
duce the first number. 

Any number, except 1, may be taken for the invariable number ; 
but when once chosen, it must remain the same for the formation of 
all numbers, and it is called the base of the system of logarithms. 

Whatever the base of the system may be, its logarithm is unity, 
and the Jogariihm of 1 is 0. 

For, let a be the base : then 

1st, we have a^:=a, whence log a=l. 
2d, a®=l, whence log 1=0. 

The word logarithm is commonly denoted by the first three letters 
log, or simply by the first letter L 

We will now show some of the advantages of tables of logarithms 
in making numerical calculations. 

Multiplication and Division. 

258. Let a be the base of a system of logarithms, and suppose 
the table to be calculated. Let it bo required to multiply together 
a series ornumbers by means of their logarithms. Denote the num. 
bers by y, \f, }f', ^" • • &c., and their corresponding logarithms 
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by «, a/, o/V «"', &c. Theja by definition (Art. 257), we have 

ar=:y. a^=y, a^'=y", 0^"=^" . . . &c. 

Multiplying these equations together, member by member, and 
applying the rule for the exponents, we have 

0^+^'+^" . . . ^yj/t/Y" or 

x+ay'+a/'+a/" . . . =logy+ H^+ ^<^f+ logy"' . . . 
= \og.yt/rrf 
that is, the sum of the logarithms of any number of factors is equal 
to the logarithm of the product of those factors, 

259. Suppose it were required to divide one number by another* 

Let y and y denote the numbers, and x and sf their logarithms. 

We have the equations 

o'sssy and a''=:y' ; 

y 
hence by division «"'-•'=—, 

y 
or x^a/=: log y— log 3^= Jog --^9 

that is, the deference between the logarithm of the dividend and the 
logarithm of the dvmsoTj is equal to the logarithm of the quotient* 

Consequences of these properties, A multiplication can be per* 
formed by taking the logarithms of the two factors from the tables, 
and adding them together ; this will give the logarithm of the pro- 
duct. Then finding this new logarithm in the tables, and taking 
the number which corre^nds to it, we shall obtain the required pro- 
duct. Therefore, by a simple addition, we find the result of a muU 
Oplication, 

In like manner, when one number is to be divided by another, 
subtract the logarithm of the divisor from that of the dividend, then 
find the number corresponding to this difference ; this will he the 
required quotient. Therefore, by a simple subtracHon^ we obtain ike 
quotient of a dknsion. 
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Formation of Powers and Extraction of Roots. 

260. Let it be required to raise a number y to any power de. 

in 
noted by — • If a denotes the base of the system, and x the loga- 
rithm of Iff we shall have 

O'say or y=fl', 

m 
wbence, raising both members to the power — , 

m m 

Therefore, log y " = — . «= — . log y, 

that ia^^ the logarithm of any number he mtilt^Ued by ihe exponent 
of the power to which the number is to be raised^ the product will be 
equal to the logarithm of that power* 

As a particular case, take n==l ; there will result «klog|^=s 
log y* ; &n equation which is susceptible of the above enunciation. 

261. Suppose, in the first equation, «i=l ; there will resailt 



1 -L „ 

— log3f= log sf = log Vy, 
fi 



that is, the logarithm of any root of a number is obtained by divide 
ing the logarithm of the number by the index of the root. 

Consequence. To form any power of a number, take the loga- 
rithm of this number from the tables, multiply it by the exponent 
of the power ; then the number corresponding to this product will 
be the required power. 

In like manner, to extract the root of a number, diyide the loga- 
rithm of the proposed number by the index of the rpot, then the 
number corresponding to the quotient will be the required root 
Therefore, by a simple muUipUcationf we can raise a quantity to a 
power, and extract its root by a sinq^le division. 
18 
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263. The properties just demonstrated are independent of any 
system of logarithms ; but the consequences which have been de- 
duced from them, that is, the use that may be made of them in nu- 
merical calculations, supposes the construction of a table, contain- 
ing all the numbers in one column, and the logarithms of these num- 
bers in another, calculated from a given base. Now, in calculating 
this table, it is necessary, in considering the equation <f-=^yy to make 
y pass through all possible states of magnitude, and determine the 
value of X corresponding to each of the values of y^ by the method 
of Art. 265. 

The tables in conunon use, are those of which the base is 10 
and their construction is reduced' to the resolution of the equation 
10*=l^. Making in this equation, y successively equal to the series 
of natural numbers, 1, 2, 8, 4, 5, 6, 7 . • ., we have to resolve the 
equations 

lO-zr:!, 10'=2, lO'rsS, 10'=4 ... 

We will moreover observe, that it is only necessary to calculate 
directly, by the method of Art. 255, the logarithms of the prime 
numbers 1, 2, 8, 5, 7, 11, 18, 17 ... ; for as all the other entire 
numbers result from the multiplication of these factors, their loga- 
rithms may be obtained by the addition of the logarithms of the 
prime numbers (Art. 258). 

Thus, since 6 can be decomposed into 2 x 8, we have 

Idfe 6= log 2+ log 8 ; 

in like manner, 24=2^x3 ; hence log 24^3 log 2+ log 3. 

Again, 860=2^X3^X5; hence 

log 860=3 log 2+2 log 8+ log 5. 

It is only necessary to place the logarithms of the entire num. 
bers in the tables ; for, by the property of division (Art. 259), we 
obtain the logarithm of a fraction by subtracting the logarithm of 
the divisor from that of the dividend. 
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263. Resumiog the equation 10'=:j^, if we make 

aj=:0, 1, 2, 8, 4, 5, . . 

we have 

y=:l, 10, 100,1000, 10000,100000,... 
And making 

«=0, —1, —2, —8, —4, —5, . . , 
we have 

_ 2. _J 1 1 1 

^"^V 10' 100*1000* 10000' 100000'*' 

From which we see that, the logarithm of a whole number wiU be- 
come the logarithm of a corresponding decimal by changing its sign 
from plus to minus. 

264. Resume the equation tf^y^ in which we will first suppose 

a>l. 
Then, if we make y=l we shall have 

a«=l. 

If we make y<l we shall have 

1 
a-=y or jr=y<l- 

If now, y diminishes x will increase, and when y hecomes 0, we 

have a~*=— =0 or «'= a> (Art. 112) ; but no finite power of a 

is infinite, hence a? = a> : and therefore, the logarithm of (^ in a sys- 
tem of which the base is greaier than unity ^ is an infinite number and 
negative. 

265. Again take the equation a'=|f, and suppose the base a<l. 
Then making, as before, jf=l, we have a*==l. 

If we make y less than 1 we shall have 

a'=y<l. 

Now, if we dimmish y, x will increase ; for since a<l its powers 
will diminish as the exponent x increases, and when ^=0, x must 
18* 
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be infinite, for no finite power of a fraction is 0. Hence, the loga^ 
rUhm of (kin a system of which the base is less them unityf is au in' 
fante numheTf and positive. 

Logarithmic and Exponential Series. 

Z66. The method of resolving the equation a'=6, explained in 
Art. 255, is sufficient to give an idea of the construction of loga- 
rithmic tables ; but this method is very laborious when we wish to 
approsunete very near tiie vahie of x.. Analysts have discovered 
much more expeditious methods for constructing new tables, or for 
verifying those already calculated. These methods consist in the 
development of logarithms into series. 

Taking again the equation 0*=^, it is proposed to develop the 
togarkjim of y into a seciet involving Ihe^ ponren oi y^ and coMeffi- 
cients independent of y. 

It is evident, that the samenumbery will hmx^ a different loga- 
rithm in different systems ; hence, the log y, will depend for its 
value, 1st. on the value of y ; and 2dly, on a, the base of the sys- 
tern of logarithms. Hence the development must contain y^ or some 
quantity dependent on it, and some quantity dependent on the base a. 

To find the form of this development, we will assume 

log y=A+By+Cy'+Dy^+. &c., 
m which A, B, C, &c. are independent of y« aod dependent on the 
base a. 

Now, if we make y=0, the log y becomes infinite, and is either 
negative or positive acqording as the base a is greater or less than 
unity (Arts. 264 & 265). But the second member under this sup- 
position, reduces to A^ a finite number : hence the development can- 
not be made under that fbrin* 

Again, assume 

logy=ily+By*+C3^+i)/+, &c, 
If we make y=0, we have 

logyssdb QP asO^ 
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which is absurd, and hence the nlevelepiiient ^»umot be made under 
the last form. Hence we conclude that, the logarithm of a number 
cannot be developed in the powers of that number. 
Let us now place for y^ 1 +^9 and we shall have 

log (l+y)=A3f+3y*+ey»+2>/+ dec (1), 

making |^=0, the equation is reduced to \og 1=0, which doee not 
present any absurdity. 

In order to determine the coefficients ^, jB, C • • *, we will fol. 
low the process of Art. 243. Substituting z for y^ the equation 
becomes 

log {l+z)=Az+B:^+C^+Dz^+ . . . (2). 

Subtracting the equation (2) from (1), we obtain 

\o%{\+y)^\og(l+z)=A{tf'-z)+B(f^7»)+C{f^:?)+ . . .(8). 

The second member of this equation is divisible by y^z ; we will 
see, if we can by any artifice, put the first under snch a fbrm that ft 
shall also be divisible by y-^u 

We have, log (1+y)- log (l4-«)= loglJ^=log(l+|^); 

y — 2 
but since can be regarded as a single number ti, we can de- 

{y — ^ \ 
1+ j, in the same manner as . • 4 . • 

log (1+^)9 which gives 

Substituting this development for log (l+y)_ log (1+sr) in th^ 
equation (3), and dividing both members by y— 2, it becomes 

^A+B(jf+%)+C(f+yz+^Jt . . . 
• Since this equation, like the preceding, must be verified by all 
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yaluet of y and x, make y^t^ and there will reenilt 

Whence, clearing the fraction, and transposing 

0=il+2B I y+ZC I y»+4/> I f+bE I y*^ 

-il+ A I +2B I +3C I +4Z> I 

Putting the co-efficients of the different powers of y equal to 
zero, we obtain the series of equations 

A-il=0, 25+A=0, 3C+25=0, 4Z>+8C=0 . . . ; 

whence 

^ . „ X ^ 2B A 3C A 

x=A, -»=— J, C7= — 3-=+-g-» ^= — ir"'=""T'*' 

The law of the series is evident ; the co-efficient of the n»* term 

A 

is equal to qp — ^ according as n is even or odd ; hence we shall ob- 
tain for the development of log (1+^)9 

AAA 

log (i+y)=^y— g-y'+yy'— ^y . . . 

If we substitute — y for y^ we shall have 

log(l-y)=A(-y-?^-?^-^+&c.) (5). 

Hence, although the logarithm of a number cannot be developed 
in the powers of that number, yet U may he developed in the powers 
of a number differing from it hy unity. 

By the above method of development, the co-efficients jB, C, 2>, 
E, dec. hav6 all been determined in functions of A ; but the rela- 
tion between A and the base of the system is yet undetermined. 

The number A is called the modulus of the system of logarithms 
in which the log (1+y), or log (1— y), is taken. Hence, 
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The modulus of a system of hgnrithms depends for its value on 
the basey and if a certamfunctioijk of any number be multiplied by it^ 
the product will be the logarithm^ of that number augmented by unity. 

267. If we take the logarithm of 1 +y in a new system, and de- 
note it by Z'(l +y), we shall have 



Vil+y)=A'(y-^+^-^+^- &c.) (6) 

in which A' is the modulus of the new system. 

If we suppose y to have the same value as in equation (4), we 
shall have 

V{l+y):\{l+y)::A^:A, 

for, since the series in the second members are the same they may 
be omitted. Therefore, 

The logarithms of the same number y taken in two different systems, 
are to each other as the moduli of those systems. 

268. If we make the modulus A'= 1, the system of logarithms 
which results is called the Naperian System. This was the first 
system known, and was invented by Baron Napier, a Scotch Ma- 
thematician. 

With this modification the proportion above becomes 

V{l+y):l{l+y)::l:A 
or A.V{l+y)=\{l+y). 

Hence we see that, the Naperian logarithm of any number, mul' 
UpUed by the modulus of another system, will give for a product the 
logarithm of the same number in that system. 

269. Again, A .V{l+y)=\{l+y) gives 

That is, the logarithm of any number divided by the modulus of the 
system, is equal to the Naperian logarithm of the same number. 
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270, If we take the NaperiaH logariAm and make jr^ly equa- 
tion (6) becomes 

i'2=i-l4-^4 ... 

a series which does not converge rapidly, and in which it would be 
necessary to take a great number of terms for a near approxima- 
tion. In general, this series will not serve for determining the loga- 
rithms of entire numbers, since for every number greater than 2 
we should obtain a series in which the terms would go on inci*easing 
continually. 

The following are the principal transformations for converting the 
above series into converging series, for the purpose of obtaining the 
logarithms of entire numbers, which are the only logarithms placed 
in the tables. 

First Transjbrmation. 

Taking the Naperian logarithm in equation (6), making y=z — , 
and observing that 

l'(l +y) =r(l+«)-l'«. it becomes 
l'(i+«)-i'*=4-^+-^-4r+ &c. (7). 

This series becomes more converging as z increases ; besides the 
first member of this equation expresses the difference between two 
consecutive logarithms. 

Making a;=:l, 2, 3, 4| 5, dec. we have 
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1'^-1'*-T^82'^"l92"^1024- 

The first series will give the logarithm of H ; the second series 
will give the logarithm of 3 by means of the logarithift of 2 ; the 
third, the logarithm of 4, in functions of the logarithm of 3 . . . &c. 
The degree of approximation can be estimated, since the series are 
composed of terms alternately positive and negative (Art. 239). 

Second Transformation. 

A much more converging series is obtained in the following man« 
ner. 
In the series 

x" a? a^ 

substitute •— « for x; and it becomes 

tx^ aP a^ 

Subtracting the second series from the first, observing that 

l+a? 
V(l+x)-V{l-x)=Vj~, we obtain 

This series will not converge very rapidly unless « is a very 

l+x 
small fraction, in which case, -z will be greater than unity, Init 

X'—X 

will differ Very little from it. 

Tftke r-^ *=s 1 +— -, « being an entire number i 
1— aj z 

1 
we have (l+a?>=(l— «)(»+!): whenee gae ^'^* 
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Hence the preceding series becomes Vll-^ — j or 

r(«+i)-i'«=a(^^q:j-+8(2^q:ijj + ^^^^^+ • • •) 

This series also gives the difference between two cDDsecutive 
logarithms, but it converges much more rapidly than the series (7), 
Making successively «=1, 2, 3, 4, 5 . . ., we find 

/I 1 11 \ 

r5-i'4=2(i-+3i^+^+^....). 



Let «=100 ; there will result 

l'101=l'100+2(^+^+^+ . . .) ; 

whence we see, that knowing the logarithm of 100, the first term 
of the series is sufficient for obtaining that of 101 to seven places 
of decimals. 

The Naperian logarithm of 10 may be deduced from the first and 
fourth of the above equations, by simply adding the logarithm of 2 
to that of 5 (Art. 258). This number has been calculated with 
great exactness, and is 3,302585093. 

There are formulas more converging than the above, which serve 
to obtaui logarithms in functions of others already known, but the 
preceding are sufficient to give an idea of the facility with which 
tables may be constructed. We may now suppose the Naperian 
logarithms of all numbers to be known. 
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271. We have already observed that the base of the common 
system of logarithms is 10 (Art. 262). We will now find its 
modulus. 

r(l+y) : 1(1 +y) : : 1 : A (idft. 267). 
If we^make y=:9, we shall have 

1' 10 : 1 10 ; : 1 : A 
But the n0=2,302585093 ... and 110=1 (Art. 262); hence 

Ass =0,434294482 the modulus of the common 

2,302585093 

system. 

If now, we multiply the Naperian logarithms before found, by 

this modulus, we shall obtain a table of common logarithms 

(Art. 268). 

272. All that now remains to be done is to find the base of the 
Naperian system. If we designate that base by e, we shall have 
(Art. 267), 

Ve:le::l : 0,434294488. 
But Ve=l (Art. 257) : hence 

1:1c: : 1 :0,434294482, 
or le=0,434294482. 

' But as we have already explained the method of calculating the 
common tables, we may use them to find the number whose loga- 
rithm is 0,434294482, which we shall find to be 2,718281828 : 
hence 

6=2,718281828. 
We see from the last equation but one that, the modulus of tJte 
common system is equal to the common logarithm of the Naperian 
base. 
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CHAPTER VII. 
General Theory of Equations. 

273. The most celebrated analysts have tried to resolTe ecfua- 
tions of any degree whatever, but Htberto their efforts have been 
unsuccessful with respect to equatieifts of a higher degree tban 
the fourth. However, their investigations on this subject have 
conducted them to some properties common to equations of erery 
degree, which they have since nsed, either to resolve certain 
classes of equations, or to reduce the resolution of a given equa- 
pon to that of one more simple. In this chapter it is proposed to 
make known these properties, and their use in facilitating the 
resolution of equations. 

274. The development of the properties r^ating to ^uati<Hi8 of 
every degree, leads to the consideration of polynomials of a par- 
ticalar nature, and ^tirely different from those considered in the 
first chapter. These are, expressions of the form 

\ar+'Bar^^+Car''^+ . . . +Ta?+U, 

in which m is a positive whole number; but the co-efficients 
A, B, C, . . . T, U, denote any quantities whatever, that is, entire 
or fractional quantities, commensurable or incommensurable. No w, 
in algebraic division, as explained in Chapter I, the object was 
this, Yiz : given two polynomials entire, with reference to ell the 
letters and particular numbers involved in them, to find a third 
polynomial of the same kind, which^ multiplied by the seeondy would 
produce the first. 

But when we have two polynomials, 

Aa?-+Baj— i+Ca!«-3+ . . . +T« +U, 
AV+BV-1+CV-2+ . . . +T'a;+U, 

which are necessarily entire only with respect to >, and in which 
the co-efficients A, B, C . . ., A', B', C . * ., may be any quantities 
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whatever it may be proposied to jind a HUM fohfnomal^ of the same 
form and nature as the two precedingi which muUiplied by the second^ 
will re-produce the first* 

The process for effecting this division is analogous to that for 
common division ; but there is this difference, viz. : In this last, the 
first term of each partial dividend must he exactly dioisihle by the 
first term of the divisor ; whereas, in the new kind of division, we 
divide the first term of each partial dividend, that is, the part affect- 
ed with the highest power of the principal letter, by the first term of 
the divisor, whether the co-efiicieot of the corresponding partial 
quotient is entire or fractional ; and the operation is continued untU 
a quotient is obtained^ which, muUiplied by the dMsor, wHl cancel the 
last partial dividend, in which case the division is said to be e^ct( 
or, until a remainder is obtained, of a degree less than that of the 
divisor, with reference to the principal letter, in which case the di« 
vision is considered impossible,, since by contuauing the operatiooi. 
quotients would be obtained containing the principal letter affected 
i^itb negative. exponerUs, or Ihis same letter m the denominator of 
tbem, which would be contrary to the nature of the qu^ion, w]|dc}i 
requires that the quotient should be of the same form as the pro- 
posed polynomials. 

275. To distinguish pol3momials which are entire with reference 
to a letter, x for example, but the co-efiicients of which are any 
quantities whatever, from ordinary polynomials, that is, from poly- 
nomials which are entire with reference to all the letters and parti, 
cular numbers involved in them, it has been agreed to call the first 
entire functions of x, and the second, rational and entire polyno* 
midls. 

Oeneral Properties of Equations. 

276. Every complete equation of the m^ degree, m being a po- 
sitive whole number, may, by the transposition of terms, and by 
&e division of both members by the co-efficient of j^ be put under 
the form 
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P, Q, R . • • T, U, being co-efficients taken in the most general al- 
gebraic flense. 

Any expression, whatever the nature of \X may he, tl^t is, numeric 
cal or aigebraic, real or imaginary, which, substituted in place of x 
in the equation, renders its first member equal toO,is called a root of 
this equation. 

278, As every equation may be considered as the algebraic trans- 
lation of the relations which exist between the given and unknown 
quantities of a problem, we are naturally led to this principle, viz, 
EVEBY EQUATION has at leost one root Indeed, the conditions of 
the enunciation may be incompatible, but then we must suppose 
that we shall be warned of it by some symbol of absurdity, such as a 
formula, containing as a necessary (^oration, the extraction of an 
•fen root of a negative quantity ; yet there will still exist an ex- 
pression which, substituted for x in the equation, will satisfy it. We 
will admit this principle, which we shall have occasion to verify here- 
after for molt equations. 

The following proposition may be regarded as the fundamental 
property of the theory of equations. 

First Property. 

278. If 9i is a root of the equaUon 

af»+Paf*-*+(laJ^*+ . . . Ta;+U=:0, 

the first member of it is divisible by a?— a ; and reciprocally, tf a 
factor of the form x— a, tnU dioide the first member of the proposed 
equation, a w a root of it. 

For, perform the division, and see what takes place when the ope- 
ration is continued until the exponent of a;, in the first term of the 
dividend, becomes 0. 
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This operatbn isf*of the nature of that spoken of in Art. 274, 
since a, P, Q, • . . are any quantities whatever. 



«f»+P^+Qa^*+ . . +Tx+V\\x^a 



+a 
+P 



o-^i 



ic^-*+a|ar-^+a^ 



+Pl 






af^'*+. 






0^-3+,. +a" 



+ ... 
+T 



By reflectbg a little upon the manner in which the partial quo- 
tients are obtained, we shall first discover from analogy, and after- 
wards by a method employed several times (Arts. 59 & 127), a Jaw 
rf formation for the co-efficients of these quotients ; ai)d we may. 
oonclude, 1st. that there will be m partial quotients, 2d. that the co- 
efficient of the m^ quotient, that is of aPy must be 

ar-^+?a^^+Qar-^+ • . . +T, 

T being the co-efficient of the last term but one of the proposed 
equation. 

Hence, by multiplying the divisor by this quotient, and reducing 
it with the dividend, we obtain for a remainder 

a'»+Pflr-»+Qa"^*+ . . . +Ta4-U. 

Now, by hypothesis a is a root of the equation ; hence, this re^ 
mainder is nothings since it i? nothing more than the result of the sub- 
stitution of a for X in the equation ; therefore the division is exacU 

Reciprocally, if a;— a is an exact divisor of a;'"+P«^*~*+ , , ., the 
remainder ar+?a'^^+ . , , will be nothing; therefore (Art. 276), 
a is a root of the equation. 

279. From this it results that, in order to discover whether a bi- 
Qomial of the form x-^a is an exact divisor of a polynomial involr* 
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iDg X, it will be sufficieat to see if the result of Ihe aubetitution of a 
ibr x^ is equal to 0. 

To ascertain whether a is a root of a polynomial involying m, 
which is placed equal to 0, it will be sufficient to try the divisicm of 
it by x—a. If it is exact, we may be certain that a is a root of the 
equation. 

280. Remask. By inspecting the quotient of the division in Art. 
378y we perceive the following law for the co-efficiei^ : Each co- 
efficient is obtained by mvUiplying that which precedes it by the root 
a, and adding to the product that co-^cient of the proposed equation 
tohich occupies the same rank as thai which tee wish to obtain in the 
quoHent. 

Thusy the co-efficient of the Sd term, a*+Pa+Q» is equal to 
(a+P)a+Q, or to the product of the preceding co-efficient a+P, 
by the root a, augmented by the co.efficient Q of the 3d term of the 
. proposed equation. 

The oo-efficient of the 4th term is 

(a«+Ptf+Q)a+R, or a?+Pa»+Qa+R. 

This law should be remembered. 

Second Property. 

281. Every equation involving but one unknown quantity^ has as 
many roots as there are units in the exponent of its degree^ and no 
more* 

Let the proposed equation be 

ar+P«^*+Qa^"'+ • . . +Ta?4.U=0. 
Since every equation has at least one root (Art. 277), if we de- 
note that root by a, the Ifirst member will be divisible by x—a^ and 
we ahaU have the identical equation 

ar+Par-»+ . . • =(a?—«) (a^»+P'«*-«+ ...)... (1). 

But by supposing 

a?^» +?'«•»-»+ ... =0, 

we obtain an equation which has at least one root 
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Denote this root by ^, we have (Art. 278), 

ar'^+?';xr^+ . =(«-*) (aJ^-»+P"ar-«+ . . .). 

Substituting the 2d member for its value, in equation (1), and we 
have, 
ar+Par-H • . . =(«-a) («-&) (aJ-^«+F'ar-»+ ...)••• (2)- 

Reasoning upon the polynomial of "*+P"a!'*^+ ... as upon the 
preceding polynomial, we have 

af^«+P"a^3+ . . . =(«-c) {af^^+?'''iif^+ . . .). 
and by substitution 

aJ"+Par-»+ • . . =(«— a) («— 5) {x—c) (ar-*+ ...)••• (S)- 

Observe that for each indicated factor of the first degree with 
reference to a;, the degree of x in the polynomial is diminished by 
unity ; therefore, after m— 2 factors of the first degree have been 
divided out, the exponent of x will be reduced to m— (»— 2), or 2 ; 
that is, we shall obtain a pol3momial of the second degree with refe- 
rence to Xy which can be decomposed into the product of two factors 
of the first degree, (a:— A:) (x—l) (Art. 142). Now, as the m— 2 
factors of the first degree have already been indicated, it follows 
that we have the identical equation, 

af» +Par-»+ . . . ={x—a) (x^b) (x-^e) . . . (a?— Jfc) (aj— Z). 

From which we see, that the first member of the proposed eqaa- 
Hon is decomposed into m factors of the first degree. 

As there is a root corresponding to each divisor of the first de- 
gree (Art. 278), it follows that the m factors of the first degree 
«— a, a;— i, x—c . . ., give the m roots ayb,c. for the proposed 
equation. 

Hence, the equation can have no other roots than a, &, c . . . A:, 2, 
since if it had a root a, different from a, ^, c . . • Z, it would follow 
that it would have a divisor of— a, different from «— a, a?—*, 
x^c . . • x—I, which is impossible. 

Finally, every equation of the m^ degree has m roots^ and can 

have no mare, 
19 
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282. There are some equations in which the numher of roots is 
apparently less than the numher of units in the exponent of their 
degree. They are those in which the first member is the product 
of equal factors, such as the equation 

(«-a)*(«-*)'(a:-c)«(«-d)=0, 

which has hut four difierent roots, although it is of the 10th degree. 

It is evident that no quantity a, different from a, h, c, <2, can veri- 
fy it ; for if it had this root a, the first member would be divisible 
by «^a, which is impossible. 

But this is no reason why the proposed equation should not have 
ten roots, /our o^ which are equal to a, three equal to ^, ^loo. eqnal 
to c, and one equal to d* 

283. Consequence of the second property. 

The first member of every equation of the m^ degree, having m 
divisors of the first degree, of the form 

«— a, «— J, x^Cf . . . «— it, X'-lf 

if we multiply these divisors together, Uco and two, three and 
three • . ., we shall obtain as many divisors of the second, third, 6dc., 
degree with reference to a?, as we can form different combinations of 
m quantities, taken two and two, three and three, &c. Now the 
number of these combinations is expressed by 

m— 1 m— 2 
m . — ^, »i. -g— . . . (Art. 201). 

. tn — 1 , 

Thus, the proposed equation has m . — - — divisors of the ae« 

cond degree, m . — - — . — r — divisors of the third degree, aiid 
soon. 

Composition of Equations. 

284. If in the identical equation 

ar+?ar^'\ ={x^a) (aj-5) (aj-c) • . . (»— Z), 

we perform the multiplication of four factors, we have 
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i*-a 


a?+ab 


a»-aic 


x+abcd^ 


-b 


+ac 


-aid 




— c 


+ad 


—acd 




-d 


+bc 


-bed 




+M 


' 1 




+cd\ 




) 



=0. 



If we perform the multiplication of the m factors of the second 
member, and compare the terms of the two members, we shall find 
the following relations between the co-efficients P, Q, R, . • • T, U» 
and the roots a^ b, c^ . . • k^l,o£ the proposed equation, viz. 

^a—h^e . . . — A:— Z=P, or a+h+c+ . . . +k+l=^?; 

ab+ac+ ... +A;Z=Q 

--abc^abd . . . — iX^=R, or abc+abd +ifcZ=— R ; 



:hahcd • • • iEr/=sU, or ahed . . • ki=:dz\3. 

The double sign has been placed in the last relation, because the 
product —ax — ^X —c • • • X — -^ will be plus or minus according 
as the degree of the equation is even or odd. 

Hence, 1st. The algebraic sum of the roots, taken with contrary 
signs, is equal to the co-efficient of the second term ; or, the alge- 
braic sum of the roots themselves, is equal to the co-efficient of the 
second term taken with a contrary sign. 

2d. The sum of the products of the roots taken two and two» 
with their respective signs, is equal to the co-efficient of the third 
term. 

The sum of the products of the roots taken three and three with 
their signs changed, is equal to the co-efficient of the fourth term ; or 
the co<«fficient of the fourth term, taken with a contrary sign, is 
equal to the sum of the products of the roots taken three and three; 
and 80 on* 

Finally, the product of all the roots, is equal to the last term ; 

that is, the product of all the roots, taken with their respective mgns, 
19* 
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is equal to the last tenn of tbe equation, taken with its sign, 
when the equation is of an even degree, and with a contrary sign, 
fiohen the equation is df an odd degree. If one of the roots is equal 
to 0, the absolute terra toiU be 0. 

The properties demonstrated (Art. 142), with respect to equa- 
tions of the second degree, are only particular cases of the above. 
The last term, taken with its sign, is equal to the product of the 
mots themselves, because the equation is of an even degree. 

Cf the Greatest Common Divisor. 

285. The greatest common divisor of two polynomials, is the 
greatest polynomial, with reference to the exponents and co- 
efficients, that will exactly divide the proposed polynomials. 

If two polynomials be divided by their greatest common divisor, 
the quotients will be prime mth reject to each other; that is, they 
wiU no longer contain a common factor. Hence, Two polynomial 
t^e prime with respect to each other when they have not a commonfaetor. 

For, let A and B be the given polynomials^ D theiip greatest 
common divisor. A' and B' the quotients after division. Then 

^=A' and l=W 
or, A=A'xD and B=:B'xD: 

now if A' and B' had a common factor d, it would follow that 
rfxD would be a divisor, common to the two pol3momials, and 
greater than D, cither with respect to the exponents or the co« 
efficients, which would be contrary to the definition. 

Again, since D exactly divides A and B, every factor of D will 
have a corresponding factor in both A and B. Hence, 

1st. The greatest common divisor of two polynomials contains as 
factors, all the particular divisors common to the two polynomials^ 
and does not contain any other factors. 
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286. We will now show that the greatest common divisor of 
two polynomials will divide their remainder after division. 

Let A and B be two polynomials, D their greatest common di- 
visor, and suppose A to contain the highest exponent of the letter 
with reference to which they are arranged. Then, 

^=A' and -»=B'; 

or, A=A'xD and B=B'xD. 

Let us now represent the entire part of the (^odent by Q aad 
the remainder by R, and we shall hxve 



B~"B'xD '' B'xD 
or, A'xD = B'xDxQ+R 

hence, A'«B'xQ+^. 

But A' is an entire quantity, hence the quanti^ to which it is 

R 
equal is also entire : and since B'Q is entire, it follows, that — is 

entire ; that is, D will exactly divide R. 

We will now show that if D will exactly divide B and R that 
it will also divide A. For, having divided A by B we have 

A=B.x Q+R* 9,ud by dividing by D, we obtain 

D D ^D 

But since we supj^e B and R to be divisible by D, aad kaow 
Q to be an entire quantity, the second part of the equality is entire ; 
hence the first part, to which it is equal, is also entire ; that is, A 
is exactly divisible by D. Hence, 

2dly. The greatest common divisor of two polynomials is the stone 
as that which exists between the least polynomial and their remaimder 
efter division. 
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Ffom these two principles, we have the following 
RULE. 

I, Take ths first polyrwrnid oofkd suppress cM the man^^ 
common to each of its terms. Do the same with the second polyno- 
mial, and if the factors so suppressed have a common divisor^ set it 
aside as forming a part of the common divisor sought, 

XL Having done this, prepare the dividend in such a manner that 
its first term shall be divisible by the first term of the divisor ; then 
perform the division^ and suj^ess in the remainder aU the f odors 
thaf are common to the co-efficients of the different powers of the 
principal letter. Then take this remainder as a divisor, and the 
second polynomial as a dividend, and continue the operation with 
these polynomials, in the same manner as with the preceding. 

III. Continue this series of operations until a remainder is oh* 
tained which wiU exactly divide the preceding divisor : this last divisor 
will he the greatest common divisor; but if a remainder is obtained 
which is independent of the principal letter, ajid which wiH not divide 
the co-efficients of each of the proposed polynomials, it shows that the 
proposed polynomials are prime with respect to each other, or thcU they 
have not a common factor. 

1. Find the greatest common divisor of the polynomials 
«3-tf«5+3a5a_3j8^ and ««— 5a^+4V». 

First Operation. Second Operation. 



«»-a«ft4-3fl6'-3ft' a«-^5aJ+4ft» 



4an - oi^-Sft" a +4b 



Istrem. 19ab'—l9b^ 
w: - - I9b'(a-^b). 



a»-5aJ+45* 



-4a5+45« 



\ a-b 
a— 4b 



0. 



Hence, a—b is the greatest common divisor. 

We begin by dividing the polynomial of the highest degree by 
that of the lowest degree ; the quotient is, as we see in the above 
table, a+4b, and the remainder is IQcTfe*— 196^. 
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But 19ab'—l9P can be put under the form I9b%a—b). Now 
the factor I9b^, will divide this remainder without dividing 

a^-6ab+4b\ 

hence, the factor must be suppressed, and the question is reduced 
to finding the greatest common divisor between 

a*— 5fli+46* and a— J. 

Dividing the first of these two polynomials by the second, there 
is an exact quotient, a— 4b; hence, a—b is the greatest common 
divisor of the two proposed polynomials. To prove this, let each 
be divided by a— i. 

Ex. 2. Find the greatest common divisor of the polynomials 

3a*-5a^6*+2o5* and 2a*-3a^5*+6^ 

We first suppress a, which is a factor of each term of the first 
polynomial^ we then have 

3a*-6a^ft*+25l2a*-3aV+^^ 

We now find that the first term of the dividend will not contain the 
first term of the divisor, we then multiply the dividend by 2, which 
merely introduces a factor not common to the divisor, and hence 
does not affect the common divisor sought. We then have 

ea^-'10an^+4b^\\ 2a^-3a^'+b^ 
6g^-~ 9a«5«+35^ |3 

- a'b'+ b* 

^h^^a^-^b*). 

We find, after division, the remainder — fl^i"+5*, which we put 
under the form — ft*(a»--d'). We then suppress —5^, and divide 

2a^—3a^b^+b'\ \ a^-b^ 
2a^~.2a»»« . | 2g^~^« 

— a^b^+b^ 

— a^b^ + b^. 



Hence, 0'— i^ is the greatest common divisor. 
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Ex. 3 Let us suppose that it is required to find the greatest 
common divi8<»r between the two pol3momials 

— 3^+3ai2_o«^+a3^ and 4^— 5(i5+a«. 



first Operation. 



— 1253+12a52— 4a2ft+ 4a^ 



Ist. Rem. — Bab^^aH + 4a3 

— 12a52— 4fl25+16a3 



\ 4b^'^5ab+a^ 
-3^ -3a 



2d. Rem '-'ldaH+l9a^ 

or, 194»2(-6+a). 

Second Operation, 
462— 5a5+a2||-5 ^^ 



-^ab +a^ \ — 46+a 
0. 

Hence, — 6+a, or a— 5, is the greatest common divisor. 

In the first operation we meet with a diffictHty in dividing the 
two pplyioioinials, because the first term of the dividend is not 
exactly divisible by the first term of the diirisor. But if we 
obierve that ik» co-efficient 4 of this last, is not a factor of aU the 
terms of itUB polynomial 

4b^—5ab+a^, 

^d that therefore, by the first prmeiple, 4 caai^t form a part of 
the greatest common divisor, we can, without affecting this com- 
mon divisor, introduce this factor into tlie dividend. This gives 

— 12^3+ I2a68— 4<s^6+4«s, 
and then the division of the first two terms is possible. 

Effecting this division, the quotient is — 3&, and the remainder is 
— 3aA2-.a2^4.4a3. 

As the exponent of & in this remainder is still equal to that of 
the divisor, the division may be continued, by multiplying tbia 
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remainder by 4, in order to render the. division of the first term 
possible. 

This done, the remainder becomes —12a^—4a35+16a^ which 
divided by 4b^---5ab+a\ gives the quotient —3a, whiek should 
be separated from the first by a comma, having no connexion with 
it J and the remainder is »— 1 9a^b+ 1 9a'. 

Placing this last remainder under the form I9a^{—b+a), and 
suppressing the factor 19a^, as forming no part of the common 
divisor, the question is reduced to finding the great^t common 
divisor between 4b^^5ab+a^, and — 5+a. 

Dividing the first of these polynomials by the second, we obtain 
an exact quotient, — 4i+a; hence -^b+oig or a— J, is the 
greatest common divisor required. ^ • 

287. In the above example, as in all those in which the expo- 
nent of the principal letter is greater by unity in the dividend than 
in the divisor, we can abridge the operation by multiplying every 
term of the dividend by the square of the co-efficient of the first 
term of the divisor. We may easily conceive that, by this means, 
the first partial quotient obtained will contain the first power of 
this co-efficient. Multiplying the divisor by the quotient, and 
making the reductions with the dividend thus prepared, the result 
will still contain the co-efficient as a factor, and the division can 
be continued until a remainder is obtained of a lower degree than 
the divisor, with reference to the principd letter. 

Take the same example as before, viz., '^3b^-\r3ab^'-^a^+^fi 
and 4b^~^5ab+a^ ; and multiply the dividend by the squftr^ of 
4=16 : and we have 



First Operation, 
_48^+48(ift2— 16a25+ 16a3 



.12a6»- 4a^+l6a^ 



i^5ab+a^ 



-12d-3a 



1st. Rem. — 19a2*+19a3 

or, 19a2(-i+a). 
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Second Operation. 

— ab+ a^\ — 46+a 
2d. Rem. — 0. 

Remark 1. When the exponent of the principal letter in the 
dividend exceeds that of the same letter in the divisor by tvtro, 
three, &c., units, multiply the dividend by the third, fourth, &c., 
power of the co-efficient of the first term of the divisor. It is 
easy to see the reason of this. 

2d. It might be asked if the suppression of the factors, conunon 
to all the terms of one of the remainders, is absolutely necessary ^ 
or whether the object is merely to render the operations more 
* simple. Now, it will easily be perceived that the suppression of 
these factors is necessary ; for, if the factor 19a^ was not sup- 
pressed in the preceding example, it would be necessaiy to mul- 
tiply the whole dividend by this factor, in order to render the first 
term of the dividend divisible by the first term of the divisor ; but 
then, a factor would be introduced into the dividend which was also 
contained in the divisor ; and consequently the required greatest 
common divisor would be combined with the factor \9a\ which 
should not form a part of it. 

288. For another example, it is proposed to. find the greatest 
common divisor between the two polynomials, 

a*+3a35+4a2*2-.6ai3+25* and 4a2*+2<i^»-2ft3, 

or simply, 2a^+a5— 5^, since the factor 25 can be suppressed, 
being a factor of the second polynomial and not of the first. 

First Operation. 

8a *+24g3^+32og&»-48a53+16M | 2a»+fl5~y' 
+20a3&+36g^6g~48gy + 16&* |4a»+ 10a5+ 13&» 
+ 26ag&g— 38g&3-H654 

1st. Rem. ~51o53+295* 

or, — ft3(51a-295). 
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Second Operation. 

Multiply by 2601, the square of 51. 

5202ag+2601a&-2601&^[| 5la— 29b 
5202ag— 2958a5 1 102a+109d 

Ist. Rem. +5559a^— 2601^2 

5559a5— 316U2 



2d. Rem. + 560R 

The exponent of the letter a in the dividend, exceeding that of 
the same letter in the divisor by two units, we multiply the whole 
dividend by the cube of 2, or 8. This done, we perform three 
consecutive divisions, and obtain for the first principal remainder, 

~61aft3+296*. 

Suppressing ^ in this remainder, it becomes — 51a4-29i for a 
new divisor, or, changing the signs, which is permitted, 51a->295: 
the new dividend is 2a^+ab—b^. 

Multiplying this dividend by the square of 51, or 2601, then 
effecting the division, we obtain for the second principal remain- 
der, +560b'^, which proves that the two proposed polynomials are 
prime with respect to each other, that is, they have not a common 
factor. In fact it results from the second principle (Art. 286), 
that the greatest common divisor must be a factor of the remain- 
der of each operation ; therefore it should divide the remainder 
5605^ ; but this remainder is independent of the principal letter a ; 
hence, if the two polynomials have a common divisor, it must be 
independent of a, and will consequently be found as a factor in the 
co-efBeients of the different powers of this letter, in each of the 
proposed polynomials ; but it is evident that the co-efficients of 
these polynomials have not a common factor. 
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289. — Remark. The rule for the greatest common divisor of 
two polynomials, may readily be extended to three or more poly- 
nomials. For, having the polynomials A, B, C, D, &c., if "wre 
find the greatest common divisor of A and B, and then the greatest 
common divisor of this result and C, the divisor so obtained "will 
evidently be the greatest common divisor of A, B, and C ; and 
the same process may be applied to the remaining polynomials. 

290. We shall now offer a few remarks to serve as* further 
guides in determining the greatest common divisor. 

Let A be a rational and entire polynomial, supposed to be 
arranged with reference to one of the letters involved in it, a, for 
example. 

If this pol3momial is not absolutely prime^ that is, if it can be de- 
composed into rational and entire factors, it may be regarded as 
the product of three principal factors, viz. 

1st. Of a monomial factor A^, common to all the terms of A 
This factor is composed of the greatest common divisor of all the 
numerical co-efBcients, multiplied by the product of the literal 
factors which are common to all the terms. 

2d. Of a polynomial factor A^, independent of a, which is com- 
mon to all the co-efficients of the different powers of a, in the 
arranged polynomial. 

8d. Of a polynomial factwr A3, depending upon a, and in whicl^ 
the coefficients of the different powers 4)f a are piimo with each 
other ; so that we shall have 

AssAj X A«X A^a 

Somejimes one or both of the factors A^, A^^, reduce to unity, 
but this is the general form of rational and entire polynotnials. Jt 
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follows from this, that when there is a greatest common divisor o£ 
two poljmomials A and B, we shall have 

D=D,.D,.D3; 

D, denoting the greatest monomial conuncm factor, D, the greatest 
polynomial factor independent of a, and D, the greatest polynomial 
factor depending upon this letter. 

In order to obtain D^^Jind the monomial factor A^ common to all 
the 1erm» of k» This factor is in general composed of literal fac- 
tors, which are found by inspecting the terms, and of a numerical 
co^efficient, obtained by finding the greatest common divisor of the 
numerical co-effidents in A. 

In the same waiff find the monomial B^ common to all the terms of 
B ; then determine the greateetfactor D , common to A ^ and B ^ • 

This factor D,, is set aside, as forming the first part of the re^ 
quired common divisor. The factors A , and B ^ are also suppressed 
in the proposed polynomials^ and the question is reduced to finding 
the greatest common divisor of two new polynomials A' and B' 
which do not contain a common monomial factor. It is then to be 
understood that the process developed below, is to be applied to 
these two polynomials. 

291. Several circumstances may occur as regards the number 
of letters that may be contained in A' and B'. 

\st. When A' and B contain but one letter a. 

When A' and B' are arranged with reference to a, the coeffi- 
cients will necessarily be prime with each other; therefore in this 
case, we shall only have to seek for the greatest common factor de- 
pending upon a, viz. D,. 

In order to obtain it, we must first prepare the pol)momial of the 
highest degree, so that its first term may be exactly divisible by 
the first term of the divisor. This preparation consists in muUtpHy* 
ing the whole dividend hy the co-efficient of the first term of the dioim 
soTf or hy a factor of this co-efficientf or by a certain power of it, in 
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order thai we may be able to execute several operations, without 
any new preparations (Art. 68)* 

The division is then performed^ continuing the opercUion until a 
remainder is obtained of a lower degree than the divisor. 

If there is a factor common to all the coefficients of (he remainder, 
it must be suppressed, as it cannot form a part of the required divi- 
sor ; after which, we operate with the second polynomial, and this^ 
remainder, in the same way we did with the polynomials A' and B^, 

Continue this series of operations untU a remainder is obtained 
which wiU exactly dimde the preceding remainder, this remainder 
will be the greatest common divisor D3 of A' and B* ; and Dj XD3 
will express the greatest common divisor of A and B ; or, continue 
the operation until a remainder is obtained independent of a, that is, 
a numerical remainder, in which case, the two polynomials, A' and 
B' will be prime with each other. 

2d. When A' and B' contain two letters a and b. 

After having arranged the polynomials with reference to a, we 
first find the polynomial factor which is independent of a, if there 
is one.. 

To do this, we determine the greatest common divisor A^ of all 
the co-efiicients of the different powers of a in the pol3momial A'. 
This common divisor is obtained by applying the rule for finding 
the greatest common divisor of several polynomials, as well as the 
rule for the last case, since these co-efiicients contain only one let- 
ter b. In the same way we determine the greatest common divisor B^ 
qfaU the co-efficients ofW. Then comparuig A, and B,, we set 
aside their greatest common divisor D^, as forming a part of the re- 
quired greatest common divisor ; and we also suppress the factors 
A, and B^, in A' and B'; which produces two new polynomials A" 
and B", the co-efficients of which are prime with each other, and to 
which we may consequently apply the rule for the first case. 

Care must always be taken to ascertain, in each remainder, whether 
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the ^'^idetUa of the different pofwers of the letter eifdoiuit contain a 
common factOTf which must he suppressed^ as not forming a part of 
the common divisor. We have already seen that the suppression 
of these factors is absolutely necessary (Art. 68). 

We shall in this way obtain the common divisor Ds » of A" and B", 
and D, xl^a Xl^3» for the greatest common divisor of the polyno- 
mials A aad B. 

Remark. In applying the rule for the first case to A" and B", 
we could ascertain when these two pol3momials were prime with 
each other, from this circumstance, viz : a remainder would he oh^ 
tained which would he either numerical, or a function of\ hut ifide* 
pendent of a. The greatest common divisor of A and B would then 
beDjXD,. 

Sd. When A' and W contain three letters, % h, c. 

After arranging the two polynomials with reference to a, we de- 
termine the greatest ccxnmon divisor independent of a, which is done 
by applying to the co-efficients of the different powers of a, in both 
polynomials, the process for the second case, since these polyno« 
mial oo-efficients contain but two letters, h and c. 

The independent poljmomial D, being thus obtained, and the fac- 
tor A^ and B^, which have given it, being suppressed in A' and B', 
there will result two polynomials A'' and B", having their co-effi. 
dents prime with each other, and to which the rules for the preced- 
'^^ cases may be applied, and so on. 

EXAMPLES. 

1. Let there be the two polynomials 

c^d^^ifd^^a^c^+d^, and 4a*(i— 2ac*+2c'— 4acc?. 

The second contains a monomial factor 2. Suppressing it, and 
arranging the polynomials with reference to d, we have 

(a«-.c»)<P-a»c*+cS and (2a«-.2ac)<J-ac«+A 
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It 18 first necessary to ascertain whether there is a common divi- 
sor mdependent of d. 

By considering the co-efficients a^-^c^^ and -^a^c^+c^f of the 
first polynomial, it will he seen that — a*c*+c* can be put under the 
form — c*(fl*— c*) ; hence a"— c* is a common factor of the co-effi- 
cients of the first polynomiaL In like manner, the co-efficients of 
the second, 20*— 2ac, and -^ac^+c^f can be reduced to 8a(« — c), 
and —c^{a^c) ; therefore a-^c is a common factor of these co- 
efficients. 

.Comparing the two factors a'—c^ and a— c, as this last will di- 
vide the first, it follows that a-^c is a common factor of the propos- 
ed polynomials, and it is that part of their greatest conmion divisor 
M)hich is tndependent of d. 

Suppressing o'^c' in the first polynomial, and a— c in the second, 
we obtain the two. polynomials cP^c* and 2ad~c*, to which the or- 
dinary process must be applied. 






\2ad--(f 



2ad+(^ 



— 4a*c* +cK 

Explanation. After having multiplied the dividend by 40*, and 
performed two consecutive divisions, we obtain a remainder 
— 4aV+c*, independent of the letter d ; hence the two polynomials 
<P— c", and 2aJ— c*, are prime with each other. Therefi>r6 the 
greatest common divisor of the proposed polynomials is a— c. 

Again, taking the same example, and arranging with reference 
to a, it becomes, afler suppressing the factor 2 in the second poly- 
nomial, 

((P-c«)a«-c«cP+c*, and 2da«-(2c(£+c«)a+c». 

It is easily perceived, that the co-efficient of the different powers 
of a in the second polynomial are prime with each other. In the 
first polynomial, the co-efficient — c"(P-f-c*, of the second term, or 
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of a*, becomes — c*((P— c*) ; whence d"— c* is a' common factor of 
the two co*efficients, and since it is not a factor of the second poly- 
nomial, it may be suppressed in the first, as not forming a part of 
the common divisor. 

By suppressing this factor, and taking fhe second polynomial for 
a dividend and the first for a divisor, (in order to avoid preparation), 
we have 

1st. 2da«-2c(£|a+c» [ |a»— c* 

Rem, • . — 2c(ila+2dc« 
- c«l + c» 
or, a^Cf 

by suppressing the common factor (— 2c(l— c*) ; 



2d. a'-^'t^ 



+<ic—c^ 



|a— c 
a+e' 



ExplanaHon* After having performed the first division, a re- 
mainder is obtained which contains — 2cd— c*, as a factor of its 
two co-efficients ; for 2dc'+<f*=:— c(— 2cd— c*). This factor be- 
ing suppressed, the remainder is reduced to a-^c, which will exact- 
ly divide a^—t?. 

Hence a^c is the required greatest common divisor. 

292. There is a remarkable case, in which, the greatest common 
divisor may be obtained more easily than by the general method ; 
it is when one of the two polynomials contains a letter which is not 
contained in the o^ter. 

In this case, as it is evident that the greatest common divisor is 
independent of this letter, it follows that, by arranging the polyno- 
mial which contains it, with reference to this letter, the required 
common divisor wiU he the same as that which exists between the co^ 
efficients of the different powers of the principal Utter and the second 

polynomial^ which^ hy hypothesis^ is independent of it. 
20 
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By this motfaody we are led to determine the greatest common 
diTiaor between three or more polynomials ; but they will be more 
simple than the proposed polyneaaals. It often happens, that some 
of the co-efficients of the arranged polynomial are monomials, or» 
that we may discover hf simple inspection that they are prime with 
each other ; and, in this ease^ we are certain that the proposed po- 
lynomials are prime with each other. 

Thus, in the example of Art. 291| treated by the first method, 
after having suppressed the common factor a^c, which gives the 
results, 

d'—c* and 2a£2-~€', 

we know immediately that these two polynomials are prime with 
each other ; for, since the letter a is contained in the second and 
not in the first, it follows from what has just been said, that the com. 
mon divisor must divide the Co-efficients 2d and — c*, which is evi- 
dently impossible ; hence, ^c. 

2. We will apply this last principle to the two polynomials 
dbcq+d0mp+lQbc+5mpq^ 
and 4^^42fg+24ad--ygq, 

Since q is the only letter common to the two polynomials, which, 
moreover, do not contcdn any common monomial factors, we can ar. 
range them with reference to this letter, and follow the ordinary 
rule. But as 5 is found in the first polynomial and not in the second, 
if we arrange the first with reference to ^, which gives 
(3c^+18c)t+30mp+6»ipg, 

the required greatest common divisor will be the same as that which 
exists between the second polynomial and the two co-efficients 
Scq+lSc and dOmjp+5mp^. 

Now the first of these co-efficients can be put under the form 
8c(^+6), and the other becomes 5mp{q+6) ; hence q+6 is a com- 
mon factor of these co-efficients. It will therefore be sufficient to 
ascertain whether g+6, which is a prime divisor, is a factor of the 
eecond polynomial. 
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Arranging this polynomial mxh reference to q, il becomes 

(4ad^7fg)q--42fg+24ad; 

as the second part 24ad—4:2fg is equal to 6(4arf— 7/^), it fol- 
lows that this polynomial is divisible hy q+6, and gives the quo- 
tient 4ad-'7fg. Therefore q+6 is the greatest common divisor 
of the proposed polynomials. 

293. Eemark. It may be ascertained that q+6 is an exact di- 
visor of the polynomial (4ad^7fg)q+24ad—42fgf by a method 
derived from the property proved in Art. 26J. 

Make q+6=0 or ^s— 6 in this polynomial ; it becoqaei^ 
i4ad^7fg) X ^6+24ad^4yg, 

which reduces to ; hence q+6 is a divisor of this pol3momial. 

This method may be advantageously employed in neariy all the 
applications of the process. It consists in this, viz : after obtain- 
ing a remainder of the first degree with reference to a, when a is 
the principal letter, make this remainder equal to 0, and deduce the 
value of 3, from this equation. 

If this value, substituted in the remainder of the 2d degree, de- 
stroys it, then the remainder of the 1st degree, simplified Art. 68, 
is a common divisor. If the remainder of the 2d degree does not 
reduce to by this substitution, we may conclude that there is no 
common divisor depending upon the principal letter. 

Farther, having obtained a remainder of the 2d degree with 
reference to a, it is not necessary to continue the operation any 
farther. For, 

Decompose this polynomial into two factors of the 1st degree, 
which is done by placing it equal to 0, and resolving the resulting 
equation of the second degree. 

When each of the values of a thus obtained, substituted in the 
remainder of the 3d degree, destroys it, it is a proof that the remain- 
der of the 2d degree, simplified, is a common divisor ; when only 
one of the values destroys the remainder of the 3d degree, the com- 
20* 
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moa dBvisor is the factor of the 1st degree with respect to a, which 
corresponds to this value* 

Finally, when neither of these values destroys the remainder of 
the 3d degree, we may conclude that there is not a common divisor 
depending upon the letter a. 

It is here supposed that the two factors of the 1st degree with 
reference to a, are rational, otherwise it would he more simple to 
perform the division of the remainder of the Sd degree by that of 
the second, and whep this last division cannot be performed exactly, 
we may be certain that there ia no rational common divisor, for if 
there was one, it could only be of the first degree with respect to 
Of and should be found in the remainder of the second degree, which 
is contrary to hypothesis. 

8. Find the greatest common divisor of the two polynomials 

6aj»-4B»-na?-3«»-.3«-l 

and 4«*+2a!»— 18«»+8« - 6 

Ans. 2a^— 4a?+aj— !• 

4* Find the greatest common divisor of the polynomials 
20x"— 12«»+16a*— 15a^+14a:»-15x+4. 
afid 15a?*- 9a?+47aj»-21« +28. 

Ans. 5«*— ac+4. 
J5. Find the gr^ttest common divisor of the two pol3momials 
5a**»+2a»i»+cfl«-3a«d*+*ca 

Ans. €^+ah. 
Transformation of Equations. 

The transfcnmation of an equation consists in changing its 
form without affecting the equality of its members. The object or 
a transformation, is to change an equation from one form to another 
that is more easily resolved. 
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First Transformation, 
To make the second term disappear from an equation. 

294. The difficulty of resolving an equation generally dimi- 
n&shes with the number of .terms involving the unknown quan- 
tity; thus, the equation «*=p, gives immediately a?=d= V^, 
whilst the complete equation x*+p«+^=0, requires preparation 
before it can be resolved. 

Now, any equation being given, it can always be transformed^ 
into another, in which the second term is wanting. 

For, let there be the general equation 

aj"»+Px"-»+Qa?"^+ . , . +Ta?+U=0. 

Suppose x=iU+sfy u being unknown, and af an indeterminate quan* 
Iky; by substituting «+«' for x, we obtain 

(„+a;')»+P(t4+a/)"^»+Q(tt+aj')«-«+ +T(tt+a:')+U=0 ; 

developmg by the binomial formula, and arranging according to the 
decreasing powers of u, we have 



+p 



«***"* +»i.- 



m-1 



>=0. 



+(m-l)Pa?' +?!?'«-* 

+ . • . 

Since vf is entirely arbitrary, we may dispose of it in such a way 

P 
that wo shall have m«'+P=:0 ; whence «'= • Substituting this 

value of d/ in the last equation, we shall obtain an equation of the 
ftraiy 

tt"'+Q'tt"^+R'u"^+ • . . +Ttt+U'=:0. 

in which the second term is wanting. 

If this equation was resolved, we could obtain the values o(x 
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correspondmg to those of ti, by substituting each of the values of tt 

P 

in the equaticm aj=tt+a;', or «=tt . 

m 

Whence we may deduce the following general rule : 

In order to make the second term of an equation disappear, sub^ 

gUhUefar the unknown qmnlity a new unknown quantify^ untied with 

the co^ejficient of the second ferm^ taken with a contrary eign^ and di^ 

tided by the exponent of the degree of the equation. 

Let us apply the preceding rule to the equation a^+px=q. If 

we take «=«— y, it becomes («— g*) +p(^— "2')=3^» ^^» ^7 
performing the operations, and reducing, u" — t'=99 ^^ equaticm 



^/? 

g^ves ii=dbv -T+^9 c<X]sequ6ntiy we obtain for the two corres- 
ponding values of «, 

293. Instead of making the second term disappear, an equation 
may be required, which shall be deprived of its third, fiHirth, &c. 
term \ this can be obtained by placing the co-efficient of u"*'*, 
tl"**^ • • . equal to 0. For example, to make the third term disap- 
pear, we make in the above transformed equation 

m-^^aj'^+Cm- ljPaj'+Q=0 ; 

from which we obtain two values for x\ which substituted in the 
transfonned equation reduces it to the form 

tt«+P'tr-»+R'a"^3+ . • . T'a+U'=0. 

Beyond the third term it will be necessary to resolve equations 
of a degree superior to the second, to obtain the value of z!i thus to 
cause the last term to disappear, it will be necessary to resolve the 
equation 
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which is nothing more than what the proposed equation becomes 
when sxf is substituted for x, . 

P 

It may happen that the value a/= which makes the second 

term disappear, causes also the disappearance of the third or some 
other term. For example, in order that the second and third terms 
may disappear at the same time, it is necessary that the equation 

P 

»'= should agree with 

-^ in— 1 

P . 

Now if in this last equation, we replace a/ by it becomes 

»i-!!^.jjj5-(m-l)-^+Q=0, or («i-l)F'-2mQ=0; 

therefore, whenever this relation exists between tiie co-efiicientl P 
and Q, the disappearance Of the second term involves that of the 
third. 

Remarks upon the preceding Transformation, Formation of 
derived Polynomials, 

296. The relation x^u+x% of which we have made use in the 
two preceding articles, indicates that the roots of the transformed 
equations are equal to those of the proposed, din^nished or increased 
lyy a ceitain quantity. Sometimes this quantity is introduced in 
the calculus, as an indetenmnate quantity, the value of whioh is 
i^fterwards fixed in such a manner as to satisfy « given condition ; 
sometimes it is a particular number of a given value, which expresses 
a constant difference between the roots of a primitive equation and 
those of another equation Which we wish to form. 

In short, the transformation which consists in substituting u+af 
for dpy in an equation, is of very frequent use in the theory of equa* 
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tions. Now there is a very simple method of obtaining) in practioe» 
the transformation which results from this substitution. 

To show this we shall invert the ord^r of the terms in u+xf, that 
is, for X substitute x +u in the equation 

ar+?ar-^+QUr'^+Bjf^+ . . . T«+U=0 ; 

it becomes, by developing and arranging according to the ascending 
powers of ti, 






tt+m — ~ — af"^ 

m— 2 ^ 
+(ffi-l) — - — Pa/"^ 



+(m~2>-^^-^'-* 



2 



tt*+ 



tt*=0 



Tf" • • • "T" • • • 

+Ta:' +T 
+U 

If we observe how the co-efficients of the different powers of u 
are composed, we shall see that the co-efficient of u* is nothing more 
than what the first member of the proposed equation becomes when 
a/ is substituted in place of x ; W6> shall hereafter denote it by X'. 

The co-efficient of u* is formed by means of the preceding, or 
XV by multiplying each of the terms of X' by the exponent of s/ 
in this term, and then diminishing this exponent by unity ; we shall 
call this coefficient Y\ 

Tbe co-effieient of u' is formed from Y' by multiplying each of 
the terms of Y' by the exponent of (c' in this term, divicfing th& pro- 
duct by 2, and then diminishing the exponent by unity. By calling 

Z' 

this co-efficient — it is evident that Z' is formed from Y' in the 

10 

same manner that Y' is formed from X'. 

In general^ the co-efficient of any term in the above transfbnoed 
equation, is formed fVom the preceding one, by multii4ying each of 
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Its terms by the exponent of aj' in this term, dividing.the prodttct by 

the number of co-efficknts preceding the one required, and then di* 

minishing the exponents of a/ by unity. 

Z' V 
This lawj by which the co-efficients X', Y', — , — — are deriv- 

« 2 • 3 

ed from each other, is evidently entirely similar to that which 

regulates the different terms of the formula for the binomial 

(Art. 203). 

The expressions Y', Z', V, W . . . are called derived pol3mo- 
mials of X^ because 71 is deduced or derived from Y', as Y' is de- 
rived from X' : V ' is derived from Z', as Z' is derived from Y', and 
so on. Y' is called tht first derived polynomial^ 71 the second^ 4*c. 
Recollect that X' is what the first member of the proposed equa- 
tion becomes, when af is substituted for x. 

The co-efficient of the first term of the proposed equation has 
been supposed equal to unity ; if the equation were not reduced to 
this form, the law of formation for the co-efficients of the trans- 
formed equations would be entirely the same, and the co-efficient 
of tt*" would be equal to that of a^. 

297. To show the use of this law in practice, let it be required 
to make the co-efficient of the second term of the following equa- 
tion disappear. 

««-.12a^+17a»-9aj+7=0. 

12 

According to the rule of Art. 294, take x=zu+—9 or «=3+ti, 

which will give a transformed equation of the 4th de^ee, and of 
the form 

Z' V 

X'+Y'tt+-^+5^^+u*=0, 

and the operation is reduced to finding the values of 



-vf Y' 



z" y 



2' 2.8' 
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Now it follows from the preceding law* that 
X' = (8)*-.12.(3)'+17.(3)»-9.(8)>+T, or X' =-110; 
Y' =4 . (3)'»-.36 . (3)«+34, (3)»^9, or . . Y' = — 123 ; 

— =6.(3)«-86.(3y+17, or —=-.37; 

273=^-^-^^ 278=^- 

Therefore the transformed equation becomes 
tt4-.37a»-- 123m- 110=0. 
Again, transform the equation 

4a?-5x»+7a?-9=0 

into another, the roots of which exceed the roots of the proposed 
equation by unity 

TakeM=a;+l; there will result «=— 1+ti, which gives the 
transformed equation 

Z' 

X'+Y'ii+-^+4ii?=0. 

X' = 4.(-l)»- 6.(-l)»+7.(-l)«_9, or X' =-25; 

y =12. (-!)•- 10. (-l)'+7 Y' = 29; 

Z' Z' 

-=12.(-1)^-. 5. "2 =-^'^' 

v v 

= 4 = 4, 

2.3 2.3 

Therefore the transformed equation becomes 
4t|3-.17ti«+29tt-.26=0. 

The following examples may serve the student for exercises : 

Make the second term vanish from the following equations. 

1st. a»— 10ar*+7x»+4a;— 9=0, 

Ana. u«-33i4'--118u«-152m— 73=0. 

2d. 8«»+15aj«+26af-3=0. 

« , 152 
Ans. Stt' 5— =0. 
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TnBsfonntheequatiim Sa^— ISx'+^i:*— 8ff*-9s:s0 mtoanotber, 
the roots of which shi^ be less than the roots of the proposed lay 

the fraction — • 

65 102 

We shall frequently have occasion for the law of formation of 
derived polynomials. 

298. These polynomials have the following remarkable proper- 
ties* 

Let X or a^+Paf*~*+Qa!*-^ . • . =0, be the proposed equatiooi 
and a^bfCflfitam roots, we shall then have (Art. 291), 

a!"+Par-*+ . . . =(a?— a) (a?- J) («-c) . . • (a?-Z). 

Substituting a/+u (or to avoid the accents), x+u in the place rf 
X ; it becomes, 

(aj+t«)'»+P(«4.tt)"-*+ . . . =(«+«— fl) (x+u-'h) . . . ; 

or changing the order of the terms in the second member, and re- 
garding »— a, x—h^ . • • each as a single quantity, 

(«+tt)*+P(a:+tt)'*-* . . . =(«+«— a) (u+x—h) . • . {u+x-^b). 

Now, by performing the operations indicated in the two members, 
we shall^ by the preceding Article, obtain for the first member, 

X+Ytt+-^+ ...«*; 

X being the first member of the proposed equation, and Y, Z • * . 
the derived polynomials of this member. 

With respect to the second member, it follows from Art. 294, 

1st. That the part involving u*, or the last term, is equal to the 
product (x—a) (or— ft) . . • («— Z) of the factors of the proposed 
equation ; 

2d. The co-efficient of u is equal to the sum of the products of 
these m factors taken m^l and m— 1, 
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8d. The coefficient of i^ is equal to the sum of the products of 
these m fiicters taken m— 2 and m— 2 ; and so on« 

Moreover, the two members of the last equation are identical ; 
therefote, the co-efficients of the saftne powers are equal* Hence 
X=(«— a) («— ^) (x-^c) • • . (a?— Z)f 

which was already known. Hence also, Y, or the first derived pa. 
lynomial, is equal to the sum of the products of the m factors of the 
first degree in the proposed equation^ taken m— 1 and m— 1; or 
equal to the sum of all ike quotients that can he obtained hy dividing 
X hy each of the m factors of the first degree in the proposed eqwu 
Hon ; thai is, 

..XXX X 



:+r-r+r-:-t 



«— a x^h x—c a?—/ 

Z 

— or the second derived polynomial, divided by 2, is equal to the 

sum of the products of the m factors of the proposed equation taken 
m^2 and m— 2, or equal to the sum of the quotients that can be 
obtained by dividing X by each of the factors of the second degree ; 
that is, 

Z_ X X X 

2 ■" (a?-.a) («-^) "^ (a?-a) (a?-c) • * ' («-ik) (a:-Z) ' 

and so on. 

Second Transformation. 
To make the denominators disappear from an equation. 

299. Having given an equation, we can always transform it into 
another of which the roots will be equal to a given maHxple or svb^ 
multiple of those of the proposed equation. 

Take the equation 

af +Paf»-*+Qaf^»+ . . . Ta?+U=0, 
and denote by y the unknown quantity of a new equation, of which 
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the roots are K times greater than those of the proposed equation. 

y 

If we take y^slSjx, there will result jc=-|^ ; whence, substituting 
and multiplying every term by K"*, we have 

y»+PK3r-*+QK*3r-*+RK33r-'+ . . . +TK"-*y+UK'»=0. 
an equation of which the co-efficients are equal to those of the pro- 
posed equation multiplied respectively by K®, K*, K", K', K*, &c. 

This transformation is principally used to make the denominators 
disappear from an equation^ when the co-efident of the first term is 
fiity. 

To fix the ideas, take the equation of the 4^ degree 

g 



y 
if in this equation we make a;=:-^, y being a new unknown and K 

an indeterminate quantity, it becomes 

Now, there may be two cases, 

1st, Where the denominators by d, /, A, are prime with each 
other ; in this hypothesis, as K is altogether arbitrary, take K=shdfhi 
the product of the denominators^ the equation will then become 

^+adfh . f+c^dfN' . f+el^d^ph'' . y+gh'd^f^h^^O, 

an equation the co-efficients of which are entire, and that of its firsts 

term unity. 

y 
We have besides, the equation ^^TTFTi to determine the values 

of X corresponding to those of y. 

2d. When the denominators contain common factors, we shall 
evidently render the co-efficients entire by taking for E the small- 
est multiple of all the denommators. But we can simplify thit 
still more, by observing, that it is reduced to determining E is 
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such a manner that K\ K% E? . . . shall «ODtoin Uie prime fac- 
tors which compose h, d^f^ A, raised to powers at least equal to those 
which are found in the denominators. 
Thus, let the equation 

^6,5^ 7 18 ^ 

6 ^12 150 9000 

Take «=:-r-, it becomes 
k 

^■"■6^"*"1[2^ 150^ 9000^* 

First make i;=:9000, which is a multiple of all the other d^mo- 
minatorsy it is clear that the co-efficients become whole numbers. 

But if we decompose 6, 13, 150 and 9000 into their factors, we 
find 

6s=2X», ia=2»X3, 160=i8x8X5", 9000=:2»X8*X5? ; 

and by simply making A:=2 X 8 X 5, the product of the different sim- 
ple &ctors, we obtain 

it»=2»x8*x5', iP=2>x3»X5', ifc»=2*x8*X6S 

whence we see that the values of k^ 1^^ 1^^ J^^ contain the prime 
fibctors <of 2y df bf raised td powers at least equal to those which 
eoter in 6, 12, 160 and 9000. 

Hence the hypothesis k=i2x^Xb is sufficieot to make the 
denominators disappear. Substituting this value, the equation 
becomes 

&.2>3.5 5.2«.3».y 7.2».3'.5» 13.2\y.5* 
^ 2^^ "•■ 2«.3 ^^ 2.3.5* ^^ 2'.8«.5» ""®' 
which reduces to 

y*-.5.5jr'+5.3.5y-7.2«.3«.5y-13.2.3«.5=s0; 
or y*-25^+375/-1260y-1170=0. 

Hence, we perceive the necessity of taking k as small a number 
%s possible: otherwise, we should obtain a transformed equation, 
having ksootefficients very great, as may be seen by reduciiig 
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the transfonned equation resulting from the supposition A;=:9000 in 
the preceding equation. 



o 7 , 11 25 p 

1st. a^ — -^A — X =0: a?=— • 

whence 

«, , 13 . 21 , 32 . 43 1 y 

ora.=J^ 

whence 

yi-.65y*+1890/-30720y«-928800y+972000=0. 

300. The preceding transformations are those most frequently 
used ; there are others very useful, of which we shall speak as they 
present themselves ; they are too simple to he treated of separately. 

In general, the problem of the transformation of equations should 
he considered as an application of the problem of elimination be- 
tween two equations of any degree whatever, involving two un- 
known quantities. In fact, an equation being given, suppose that 
we wish to transform it into another, of which the roots have, with 
those of the proposed equation, a determined relaticm. 

Denote the proposed equation by F(a?)=0, (enunciated Ibnction 
ofd^equalto zero), and the algebraic expression of the relation 
which should exist between ic and the new unknown quantity y, by 
F' {a;,y)=0 ; the question is reduced to finding, by means of these 
two equations, a new equation involving y, which will be the re- 
quired equation. When the unknown quantity a? is only of the first 
degree in F'(a;, y)==0, the transfcHrmed equation is easily obtained,^ 
but if it is raised to the second, third . • . power, we must have fe- 
coume to the methods of eliminatioa. 
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Elimination. 

301. To eliminate between two equations of any degree what- 
ever, lAYohring piro unknown quantitiea^ is to obtain, by a series of 
operations, performed on these equations, a single equation which 
oankuns bui one rfihe unknown quantities f and which gives all the 
values of this unknown quantity that will, taken in connection with 
the corresponding values of the other unknown quantity, satisfy at 
the same time both the given equations. 

This new equation, which is a function <f one of the unknown 
quantUies^ is called the final equationf and the values of the unknown 
quantity found from this equation, are called compatible values » 

Of all the known methods of elimination, the method of the com- 
mon divisoTt is, in general, the most expeditious ^ it is the method 
which we are going to develop. 

Let F(x, y)=0 and F'(ir, y)=0 be any two equations whatever, 
or, more simply, 

A=0, B=0. 

Suppose the final equation involving y obtained, and let us try to 
discover some property of the roots of this equation, which may 
serve to determine it. 

Lei y=^a be one of the compatible values of ^ ; it is clear, that 
since this value satisfies the two equations, at the same time as a 
certain value of a;, it is such, that by substituting it in both of the 
equations, which ^ill |hen contain only 9, the equations will admU of 
at least <9ie common value of x ; and to this common value there 
will necessarily be a corresponding common divisor involving x. 
Art. 279. This common divisor will be of the first, or a higher 
degree with respect to x, according as the particular value of y=a 
corresponds to one or more values of x, 

RedprocaUyf every value ^ y, wMch^ substituted in the two equa- 
tions* gives a common divisor involving Xj is necessarily a compatiite 
valuef because it then evidently satisfies the two equations at the 
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same time with the value or values o£x found fhmi this conunon di- 
viior when put equal to 0. 

302. We will remark, that, before the siLbsHiutioTh the first mem- 
hers of the equatians cannot^ in general, have a comnum divisor, which 
is a fiinction of one or both of the unknown quantities. 

In fact, let us suppose for a moment that the equations A=0, 
B=0, are of the form 

A'xD=0, B'xD=0. 

D being a function of x and y. 

Making separately D=0, we obtain a single equation involving 
two unknown quantities, which can be satisfied with an in/inUe nvm- 
her of systems of values. Moreover, every system which renders 
D equal to 0, would at the same time cause A'D, B'D to vanish, and 
would consequently satisfy the equations AacO, B=0. 

Thus, the hypothesis of a common divisor of the two polyoomials 
A and B, containing x and y, would bring with it as a consequenoe 
that the proposed equations were indetenninate. Therefore, if there 
exists a common divisor, involving x and y, of the two polynomials 
A and B, the proposed equations will be indeterminatey that is, they 
may be satisfied by an infinite number of systems of values of x 
and y. Then there are no data to determine d. final equation in y, 
since the number of values of y is ivfiniie. 

If the two polynomials A and B were of the form A'xl^> B'xD> 

D being a function of x only, we might conceive the equation D=0 

resolved with reference to x, which would give one or niore values 

for this unknown. Each of these values substituted in A'xl)=0 

and B'xD=0, at the same time with any arbitrary value of y, would 

verify these two equations, since D must be nothing, in consequence 

of the substitution of the value of a?. . Therefore, in this case, the 

proposed equations would admit of a finite number of values for x, 

but of sui infinite number of values for y ; then there could not exist 

a final equation in y. 

Hence, when the equations A=0, B=09 are determinate, that is, 
21 
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when they only admit of a limited number of systems of values for 
X and y, their first members cannot have 3. Junction of these unknown 
quantities for a common divisor^ unless a particular substitution has 
been made for one of them. 

303. From this it is easy to deduce a process for obtaining the 
Jinal equation involving y. 

Since the characteristic property of every compatible value of 
y is, that being substituted in the first members of the two equations, 
it gives them a common divisor involving a;, which they had not be- 
fore, (unless the equations are indeterminate, which is contrary to 
the supposition), it follows, that if to the two proposed polynomials, 
arranged with reference to a?, we apply the process for the greatest 
common divisor, we generally shall not find one ; but, by continuing 
the operation properly, we shall arrive at a remainder independent 
of a;, and which ia a function of y^ which, placed equal to 0, will 
give the required fatal equation ; for every value of y found from 
this equation, reduces to nothing the last remainder of thie operation 
for findmg the common divisor ; it is, then, such, that substituted in 
the preceding remainder, it will render this remainder a common di- 
visor of the first members A and B« Therefore, each of the roots 
of the equation thus formed is a compatible value of y» 

304. Admitting that the final equation may be completely re- 
solved, which would give all the compatible values, it would afler- 
wards be necessary to obtain the corresponding values of x. Now 
it is evident that it would be sufficient for this, to substitute the dif- 
ferent values of y in the remainder preceding the last, put the poly- 
nomial involving x which results from it equal to 0, and find from it 
the values of x ; for these polynomials are nothing more than the 
divisors involving a?, which become common to A and B. 

But as the final equation is generally of a degree superior to the 
second, we cannot here explain the methods of finding the values of 
y. Indeed, our design was principally to show that, two equatums 
of any degree being given, we can, without supposing the resobtUan 
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of any equatum^ arrive at another eqwOum^ containing only one qf 
the ufdcnown quantUies lohich enter tnto the proposed equations. 

Of Equal Roots. 

305. An equation is said to contain equal roots, when its first 
member contains equal factors. When this is the case, the* derived 
polynomial, which is the sum of the products of the m factors taken 
i»— 1 andm— 1 (Art. 298), contains a factor m its different parts, 
which is two or more times a factor of the proposed equation. , 

Hence, there must he a common divisor between the first member of 
the proposed equation and its first derived polynomial. 

It remains to ascertain the manner in which this common divisor 
is composed of the equal factors. 

306. Having given an equation, it is required to discover whether 
it has equal roots, and to determine these roots if possible* 

Let X denote the first member of the equation 

ir+Pa^*+Qa5^«+ . . . +Taj+U=xO, 
and suppose that it contains n factors equal to a;— a, n' factors equal 
to x-^b, n" factors equal to x-^-c . . ., and contains also the simple 
factors 0?— p, «— ^» x^r . . . ; so that we may have 

X=(«-a)»(a?-i^)»'(a?-c)"" . . . {x-p) (a?-^) (a?-r) . . . 

With respect to Y, or the derived polynomial of X, we have 
seen (Art. 298), that it is the sum of the quotients obtained by divid. 
ing X by each of the m factors of the first degree in the proposed 
equation. Now, since X contains n factors equal to x-^a, we shall 

X ^ 

have n partial quotients equal to ; the same reasoning applies 

to each of the general factors, x—b, a— c. . . . Moreover we can 
form but one quotient equal to 

X X X 

a:— p x—q x-^r 

Therefore, Y is necessarily of the form 
21* 
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^ nX ii'X . n"X X .X .X 

Y=— -+— r+— -:+ 



"«— a «— A «— c ' jc— jp «— ^ «— r 
From this composition of the polynomial Y, it is plain that 
(«-a)-S (x-^hy-\ («-c)-"-».,. 
are factors common to all its terms ; hence the product 

is a common divisor of Y ; moreover, it is evident that this product 
will also divide X, it is therefore a common divisor of X and Y ; and 
it is their greatest common divisor. For, the prime factors of X 
are x-^a, «— ^, x—c . . . and «— 1>, «— ^, «— r • • . ; now «— jp, 
x^q^ x-^ff cannot divide Y, since some one of them will be want- 
ing in each of the parts of Y, while it will be a factor of all the 
other parts. 

Hence, the greatest common divisor of X and Y is 

D=(aj-a)»->(«-i)-'-i(«-c)""'> . . . ; 

that is, the greatest common divisor is composed of the product of those 
factors which enter two or more times in the proposed equatkm^ each 
raised to a power less by unity than tn the given equation* 

307. From the above we deduce the following method : 

To discover whether an equation X=0 contains any equal roots, 
form Y or the derived polynomial of X ; then seek for the greatest 
common divisor between X and Y ; if one , cannot be obtained, the 
equation has no equal roots, or equal factors. * 

If we find a common divisor D, and it is of the first degree, or of 
the form a?— A, make a?— A=0, whence x=zh ; we may then concludef 
.that the equation has two roots equal to h, and has but one species of 
equal roots, from which it may be freed by dividing X by (x—hy* 

If D is of the second degree with reference to a?, resolve tJie equa* 
Hon D=0; there may be two cases; the two roots will be equal, 
or they will be unequal. 1st, When we find D=(a?— A)*, the equa- 
tion has three roots equal to h, ar^ has but one species of equal roots^ 
from which it can be freed by dividing X by {x—hf ; 2d, when D 
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is of the form {*—h) («— A'), the proposed equation has two roots 
equal to A, and two equal to h\ from which it may be fre^ by divi- 
ding X by («-A)«(a?-A'/, or by D«. 

Suppose now that D is of any degree whatever ; it is necessary^ 
in order to know the species of equal roots, and the number of roots 
of each species, to resolve completely the equation D=0 ; and every 
simple root of J) wiU he twice a root of the proposed equation ; every 
double root ofD wUl be three times a root of the proposed equation ; 
and so on. 

EXAMPLES. 

1. Determine whether the equation 

contains equal roots. 

We have (Art. 296), for the derived polynomial 

8a:3— 36x"+38aj— 6. 

Now, seekmg for the greatest common divisor of these pol3mo. 
mials, we find D=a?— 3=0, whence a?=3; hence the proposed 
equation has two roots equal to 3. 

Dividing its first member by (»— 3)*, we obtain 

2aj*+l=0 ; whence x=i±:— V— 2. 
Thus the equation is completely resolved, and its roots are 



3, 3, +— -v/:r2"and -y V^^. 

2. For a second example take «»— 2aj*+3«»— 7aj»+8a?— 8=0 , 
the first derived polynomial is 5a^— Sai'+Oaj*— 14x+8, 

and the common divisor a*— 2*+!, or (a?— 1)*, 

hence the proposed equation has three roots equal to 1. 

Dividing its first member by (a?— 1)* or by «*— Sx^+So!— 1, the 
qtiotieniifl 
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ar+«+3=0 ; whence «= -z ; 

thus the equation is completely resolved. 
3. For a third example, take the equation 

a.7+6a;»+aB»— 6«*— 1&F»— 3a!"+8aj+4=0 ,• 
the derived polynomial is 

7««+30a*+30a?*-.24a;»-45a;»-6«+8 ; 
and the common divisor is 

a^+Saj'+a'— 3*— 2. 
The equation a?*+3a?+a:*— 8jj— 2=0 cannot he resolved directly, 
but by applying the method of equal roots to it, that is, by seeking 
for a common divisor between its first member and its derived poly- 
nomial, 4a!'+9a;*+2aj— 3, we find a common divisor, «+! ; which 
proves that the square of «+l is a factor of a:*+3a'+a:'— 3a? — 2, 
and the cube of a;+l, a factor of the first memher of the proposed 
equation. 

Dividing a?*+8a^+a!^— 3aj— 2 by («+!)' or aj'+2a?+l, we have 
je'^jc_2, which placed equal to zero, gives the two roots ap=l, 
«=— 2, or the two factors a?—! and a?+2. Hence we have 
a?*+3a?+«>-3a;-2=:(a?+l)»(a;-l) (a?+2). 

Therefore the first member of the proposed equation is equal to 
(a.+l)3(a:-l)«(a:+2)«; 

or the proposed equation has three roots equal to— 1, two equal 
to +1, and iXDO equal to --2. 
Take the examples, 

1st. a?''— 7a!«+10aj»+22*»— 43aP— 35aj'+48«+36=0, 

(a?-2)*(a;-3)«(a?+l)'=0. 
2d. a;''-3a!"+9«»-lftt*+27aj^-33a^+27a;-0=O, 

(a?-l)'(a!»+3)«=:.0. 
308. When, in the application of the above method, we obtaia 
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an equation D=0, of a degree superior to the second, since this 
equation may itself be subjected to the method, we are often able 
to decompose D into its factors, and in this way to find the different 
species of equal roots contained in the equation X=0, and the num- 
ber of roots of each species. As to the simple roots of X=0, we 
begin by freeing this equation from the equal factors contained in 
It, and the resulting equation, X'=0, will make known the simple 
roots. 



CHAPTER VIII. 

Resolution of Numerical Equations^ involving one or 
more Unknown Quantities. 

309. The principles established in the preceding chapter, are ap- 
plicable to all equmtions, whether their co-efficients are numerical 
or algebraic, and these principles should be regarded as the ele- 
ments which have been employed in the resolution of equations of 
the higher degrees. 

It has been said already, that analysts have hitherto been able to 
resolve only the general equations of the third and fourth degree. 
The formulas they have obtained for the values of the unknown 
quantities are so complicated and inconvenient, when they can be 
applied, (which is not always possible), that the problem of the re- 
solution of algebraic equations, of any degree whatever, Qiay be 
regarded as more curious than useful. Therefore, analysts have 
principally directed their researches to the resolution of numerical 
equations^ that is, to those which arise from the algebraic translation 
of a problem in which the given quantities are particular numbers ; 
and methods have been found, by means of which we can always 
determine the roots of a numerical equation of any given degree. 

It is proposed to develop these methods in this chapter* 
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To render the reasoning general, we wiM represent the proposed 
equation by 

a^+Par'-^+Qar''^+ ... =0. 

in which P, Q ... denote particular numbers, real, positive, or 
negative. 

First Principle. 

310. When tvjo numbers p and q, substituted in the phice of Tin, 
a numerical elation, give tvoo results^ affected with contrary signs, 
the proposed equation contains a real root, comprehended between these 
two numbers,. 

Let the proposed equation be 

a!«+Pa;-'-i+Qaj»-3+ . • • Ta+U=0. 

The first number will, in general, contain both positive and 
negative terms ; denote the sum of the positive terms by A, and 
the sum of the negative terms by B, the equation will then take 
the form 

A-B=:C. 

Suppose |7<^, and that p substituted for x gives a negative re- 
sult, and q a positive result. 

Since the first member becomes negative by the substitution ofp, 
and positive by the substitution of q, it follows that we have in the 
first case A < B, and in the second A > B . Now it results from the 
nature of the quantities A and B, that they both increase as x in- 
creases, since they contain only positive numbers, and positive and 
entire powers of x ; therefore, by making x augment by insensible 
degrees, from ptoq, the quantities A and B will also increase by in- 
sensible degrees. Now since A? by hypothesis^ from being less than 
B, afterwards becomes greater than it, A must necessarily have a 
more rapid increment than B, which insensibly destroys the excess 
that B hdd over A, and finally produces an excess of A over B 
From this, we conceive that in the passage from A<B to A>B, 
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there must be an interiQediate value for which A becomes equal to 
B, and the value which produces this result is a root of the equa- 
tion, since it verifies A— B=0, or the proposed eiquation. Henc^ 
the proposition is proved. 

In the preceding demonstration, p and q have been supposed to 
be positive numbers ; but the proposition is not less true, whatever 
may be the signs with which p and q are affected. For we will re- 
mark, in the first place, that the above reasoning applies equally to 
the case in which one of the numbers p and q, p for example, is ; 
that is, it could be proved, in this case, that there was at least one 
real root between and q. 

Let both p and q be negative^ and represent them by — j/ and 

If, in the equation 

ar«+P«'»-»+Qa;*-*+ . . . Ta?+U=0, 
we change x into — y, which gives the transformation 

it is evident that substituting — p' and —q' in tbe proposed equation, 
amounts to the same thing as substituting p' and ^ in the transfor- 
mation, for the results of these substitutions are in both cases 

and (^j')«+P(-^')'»-t+Q(-^')'-»+ . . . T(-^')+U ; 

Now, since p atfd q, or — j/ and —5^, substituted in the proposed equa- 
tion, give results with contrary signs, it follows that the numbers p' 
and g^, substituted in the transformation, also give results with con- 
trary signs ; therefore, by the first part of the proposition, there is 
at least one real root of the transformation contained between p' 
and ^ ; and in consequence of the relation x= —y, there is at least 
one value of a? comprehended between —p' and — ^,orjp and q^ 
This demonstration applies to cases in which |>=0 or ^=0. 

Lastly, suppose p positive and q negative or equal to — ^ : by 
making x=0 in the equation, the first member will reduce to its 
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last term, which is necessarily affected with a agn contrary to that 
of jp, or to that of — q' ; whence we may conclude that there is a 
root oomprehended between and p, or between and — ^, and 
consequently between p and — ^. 

Second Principle. 

311. When two numbers, substituted in place of d?, in an equa- 
tion, give results affected with contrary signs, we may conclude that 
there is at least one real root comprehended between them, but we 
are not certain that there are no more, and there may be any odd 
number of roots comprised between them. We therefore enunciate 
the second principle thus. 

When an uneven number (2n+l) of the real roots of an equation^ 
are comprehended between two numbers, the results obtained by sub- 
stUuUng these numbers for x, are affected with contrary signs, and if 
they comprehend an even number 2n, the results obtained by their sub- 
stUution are necessarily affected with the same sign. 

To make this proposition as clear as possible, denote those roots 
of the proposed equation, X=0, which are supposed to be compre- 
hended between p and q, by a, b, c, . . ., and by Y, the product 
of the factors of the first degree, with reference to a?, correspond- 
ing both to those real roots which are not comprised between them 
and to the imaginary roots ; the signs of p and q being arbitrary. 

The first member, X, can be put under the form 
(ar— a) {x—b) («— c) ... x Y. 

Now substitute in X, or the preceding product, p and q in place of 
X ; we shall obtain the two results 

(p-a) {p^b) (p^c) . . , XY', 

(q-a){q^b){q^c)... XT% 

Y' and Y" representing what Y becomes, when we replace x hy p 
and q ; these two quantities are necessarily affected with the same 
sign, for if they were not, by the first principle Y=0 would give at 
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least one real root comprised between p and q^ which is contrary to 
the hypothesis. 

To determine the signs of the above results more easily, divide 
the first by the second, we obtain 

(p^a) (p^h) {p-^c) ...XY' 

which can be written thus , 

p— a p— 5 p— c Y* 

q—a q—b q—c^ Y" 

Now, since the roots a, 5, c, • • • are comprised between p and q^ 
we have 

p 0, ^, <;, i2 • • .9 

but q a^ b, Cf d • . .; 

whence we deduce 

p—Of p—0, p—Cj . . . 0, 

and q--(h q—b, q-^c^ . . . 0. 

hence, since p— a and q—a are affected with contrary signs, as well 
asp— ^ and q^b,p^c and g— c . • ., the partial quotients 

p^a p-b p-^c 
q — a q — b q—c 

Y' 

are all ntga^txce; moreover -^yjr ^ essentially positive, since Y' 

and Y'' are affected with the same sign ; therefore the product 
p^a p-^b p-'C Y' 

y\ T X X • • • •wT,/ 9 

q-^a q—b q-^c Y" 

will be negoHvef when the number of roots, a, 5, c • . ., compre- 
hended between p and ^, is uneven, and positive when the number is 
even. 
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Conaequently, the two results (p— a) (p— ^) (p— «) • • • X F' 
and {q—a) {q—h) {q—c) . . . XY", will have contrary or the same 
signs, accordmg as the number of roots comprised between f and q 
is uneven or even. 

Limits of the real Roots of Eqtiaiions. 

312. The different methods for resolving numerical equations, 
consist generally in substituting particular numbers in the proposed 
equation, in order to discover if these numbers verify it, or whether 
there are roots comprised between these numbers. But by reflect- 
ing a little upon the composition of jthe first member, the first term 
being positive, and affected with the highest power of a;, which is 
greater with respect to that of tbe inferior degree in proportion to 
the value of x, we are sensible that there are certain numbers, 
above which it would be useless to substitute, because all of these 
numbers would give positive results. 

313. Every number which exceeds the greatest of the positive 
roots of an equation, is called a superior limit of the positive roots. 

From this definition, it follows that the limit is susceptible of an 
infinite number of values ; for when a number is found to exceed 
the greatest positive root, every number greater than this, is, for a 
still stronger reason, a superior limit. But it may be proposed to 
determine the simplest po^ible limit. Now we are sure of having: 
one of the limits, when we obtain a number, which, substituted in 
place ofx renders the first member positive, and which, at the same 
tme, is such, that every greater number will also give a positive 
result. 

We will determine such a number. 

314. Before resolving this question, we will propose a more sim. 
ple'one. viz. 

To determine a number, which, suhstUuted in ptace of x in a» 
equation, wUl render the first term x^ greater than the aridimeiicai 
sum of all the others. 
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Suppose that all the terms of the equation are negative,ezcept the 
first, so that 

af — P«^*-Qaf^*— . Ta?-U=0. 

It is required to find a number for x which will render 

Let k denote the greatest co-efficient, and substitute it in place of 
the co-efiicients ; the inequality will become 

iKr>kx'^^+koif^^+ . . . +kx+k. 

It is evident that every number substituted for x which will satisfy 
this condition, will for a stronger reason, satisfy the preceding. Now, 
dividing this inequality by x^, it becomes 

k k k k k 

k 
Making x=^kf the second member becomes—, or 1 plus a series 

of positive fractions ; then the number k will not satisfy the ine- 
quality ; but by supposing x=k+l, we obtain for the second mem- 
ber the series of fractions 

k k k k k 

which, considered in an inverse order, is an increasing geometrical 

k 
progression, the first term of which is ., , the ratio A:+l, and 

k 
the last term ; hence the expression for the sum of all the 

terms is, (Art. 192), 
k 



(k+iy 



— k+iiTi ' ^' ^"li+ir" 

which is evidently less than unity. 
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Any number >Ap+1, put in place of oj, will render the sum of the 

k k 
fractions — H1J+ • • • still less. Therefore, 

X ST 

The greatest co-^icierU of the equation plus unity, or any greater 
number^ being stUfstUutedfor x, wiU render the first term x"* greater 
than the arithmetical sum ofaUlhe others. 

Ordinary limit of the Positive Roots* 

315. The number obtained above may be considered a prime 
limit, since this number, or any greater number, rendering the first 
term superior to the sum of all the others, the results of the sub- 
stitution of these numbers for x must be constantly positive ; but 
this limit is commonly much too great, because, in general, the 
equation contains several positive terms. We will, therefore, seek 
for a limit suitable for all equations. 

Let af*^ denote the power of a?, corresponding to the first nega- 
tive term which follows af*, and we will consider the most unfavour- 
able case, viz. that in which all of the succeeding terms are nega- 
tive, and affected with the greatest of the negative co-efficients in 
the equation. 

Let S be this cp-eificient, and try to satisfy the condition 

ar>Saf»-"+Saf''-»-»-f. . . . Sx+S ; 

or, dividing both members of this inequality by o^, 

,^ S . S , S S S 

^>af "*■ ofH-i "*■ aj»+a + • • • +?»=^"^^' 

Now by supposing aj"=S or a?= Vs^ the second member be- 

S 
comes -=-, or 1, plus a series of positive fractions ; but by making 

05= V^+1, or (supposing, for simplicity, Vs^S', whence S=S'*), 
a;=S'+l, the second member becomes 

(S'-M)' "•"(S'+l)"**"*' • • ■*" (S'+l)-i + (S'-hl)- • 
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which is a progression hy quotients, .^^^ ■ being the first term, 

g/n 

S'+l the ratio, and .^ the last term Hence the expres- 

sion for the sum of all these fractions is 

•.(S'+l). 



s'+i-i :~ (S' +!)'»-» (S'+l)™' 

which is evidently less than !• 

Moreover, every number > S'+l or Vs+1, will, when substi- 

S S 
tuted for Xf render the sum of the fractions ;;^+-T;zr+ * • • • still 

smaller, since the numerators remaining the same, the denominator 

will increase. Hence 'V^+l, and any greater number, will ren- 
der the first term of" greater than the arithmetical sum of all the 
negative terms of the equation, and will consequently give a posi- 
tive result for the first member, 
fi _— 
Therefore \/S+l, or unity increased hy that root of the greatest 

negative co-efficient whose index is the number of terms which Recede 

the first negative term, is a superior limit of the positive roots of the 

equation. If the co-efficient of a term is 0, the term must stxU he 

counted. 

Make tt=l, in which case the first negative term is the second 

1 

term of the equation ; the limit becomes \/S+l, or S+1 ; that is, 

the greatest negative co-efficient plus unity. 

Let n=2, then either the two first terms are positive, or the 

s 

term af*~~^ is wanting in the equation ; the limit is then \/S+ 1. 

When n=8 the limit is V^l . . . 

Find the superior limits for the poeitiye roots in the following ex- 
amples : 

aj*-.5a!'+37a;»-.3a:+39=0 ; Vs+1= 'VT+1=6 ; 

:c5+7a;*-:2f^-49j:'+52x. l^rrO ; ^/S+l=r ^40+ 1=9 : 
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aj*+ll-r»-25«-67=0; VS+1 = V67+1 or 6; 

8aa-2aj»-lla?+4=0; Vs+1=— +1 or 5. 

NewUnCs method for determining the smallest limit in entire 
numbers., 

316. Let X=0, be the proposed equation ; if in this equation we 
make x=zsb^+u, vf being indeterminate, we shall obtain (Art. 296)» 

X'+Y'«+|v+ . . . +ii-=0. (1) 

Conceive, that after successive trials we have determined a number 

for X, which, substituted in X', Y^ -^ • • •> renders all these co-effi- 

cients positive at the same time ;' this numbej will be greater than 
the greatest positive root of the equation X=0. 

For, the co-efficients of the equation (1) being all positive, do 
positive number can verify it ; therefore all of the real values of « 
must be negative; but from the equation «=«'+«, we have tt=a: — a/; 
and in order that the values of u corresponding to each of the values 
of w and a/ (already deteimined) may be negative, it is absolutely 
necessary that the greatest positive value of x should be less than 
the value of a/. 

EXAMPLE. 

jc*-5«3^6aj»— 19aj+7=0. 

As «' is indeterminate, the letter x may be retained in the forma- 
tion of the derived polynomials, and we have 

X :=««-6a?-6«»-19a?+7, 
Y =4aj'-15a!»-.12a:-19, 

Z 

— =6x«— 15a?— 6, 

V 

=4a?-.6. 



2.8 
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The question is, as stated above, reduced to finding the smallest 
number which, substituted in place of Xj will render all of these po- 
lynomials positive. 

It is plain that 2 and every number >2, will render the polyno. 
mial of the first degree positive. 

But 2, substituted in the polynomial of the second degree, gives a 
negative result ; and 3, or any number >3, gives a positive result. 

Now 3 and 4, substituted in the polynomial of the third degree, 
give a negative result ; but 5 and any greater number, give a posi- 
tive result* 

Lastly, 5 substituted in X, gives a negative result, and so does 6 ; 
for the three first terms xl^—daP-'Sa^ are equivalent to the expres* 
sion «*(«— 5)— 6a:?*, which is reduced to when «=6 ; but af«=7 evi- 
dently gives a positive result. Hence 1 is a superior limit of the 
positive roots of the proposed equation ; and since it has been shown 
that 6 gives a negative result, it follows that there is at least one 
real root between 6 and 7. 

Applying this method to the equation 

aJ»-3a^-8«»— 25a:*+4a?-39=0, 

the superior limit will be found to be 6. 

We should find 7, for the superior limit of the positive roots of 
the equation 

This method is scarcely ever used, except in finding incommen- 
surable roots. 

317. It remains to determine the superior Umit of the negative 
roots, and the inferior limits of the positive and negative roots. 

Hereafter we shall designate the superior limit of the positive roots 
of an equation by the letter L. 

1st. If in the equation X=0, we make «=— y, which gives the 

transformed equation Y=0, it is clear that the positive roots of this 

new equation, taken with the sign — , will give the negative roots of 
22 
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the proposed equation ; therefore, detennining» by the known me- 
thods, the superior limit L' of the positive roots of the equation Y=€^ 
we shall have — L' for the superior Umit (numerically) of the ne^a" 
tice roots rf the proposed equation, 

2d, If in the equation X=0, we make x= — , which gives the 

equation Y=0, it follows from the relation «= — that the greatest 

positive values of y oorrefl^nd to the smallest of x ; hence, design 
nating the superior limit of the positive roots of the equation Y=0 

by L", we shall have ^ „ for tAe inferior limit of the positive roots 
of the proposed e^puOion. 

8d. Finally, if we replace x, in the proposed equation, by f 

and find the superior limit L'" of the transformed equaticxi Y^^C^ 
— fTv" ^11 ^ '^^ inferior Ztmt^numerically) of ike negative roots 
of the proposed equation, 

318. Every equation in wUch there are no variations in the signs, 
that is, in which all the terms are posittoCf must have all of Us real 
roots negative ; for every positive number substituted for x will ren- 
der the first member essentially positive. 

Every complete equation^ having its terms alternately positive and 
negative, must have its real roots all positive ; for every negative 
number substituted for x in the proposed equation, would render all 
the terms positive, if the equation was of an even degree, and all of 
them negative if it was <^ an odd degree. Hence the sum vrould 
not be equal to zero in either case. 

This is also true for every incomplete equation^ in vihich there 
results^ by substituting ^y for x, an equation having all of its terms 
affected wiA the same sign. 
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Consequences deduced from the preceding Principles. 

First 

'319. Every equation of an odd degree, the co-efRcients of which 
are real^ has at hast one real root affected with a sign contrary to 
that of its last term. 

For, let <xr^Faf^^+ . . . Ta?±U=0, be the proposed equation ; 
and first consider the case in which the last term is negaUve. 

By making a?=0, the first member becomes — U. But by giving 
a value to x equal to the greatest co-efficient plus unity, or (R+ 1), 
the first term a:"* will become greater than the arithmetical sum of 
all the others (Art. 314), the result of this substitution will there- 
fore be positive; hence, there is at least one real root comprehended 
between and E4-l» which root is positive, and consequently af- 
fected with a sign contrary to that of the last term. 

Suppose now that the last term is positive* 

Making xssO, we obtain +U for the result; but by putting 
— (K+1) in place of x, we shall obtain a negative result, since the 
first term becomes negative by this substitution ; hence the equa- 
tion has at least one real root comprehended between and 
— -(K+l,) which is negative, or affected with a sign contrary to that 
of the last term. 

Second. 

320. Every equation of an even degree, involving only real co« 

efficients of which the last term is negative, has at least two real roots,. 

one positive and the other negative. For, let —U be the last term ; 

making a;=0, there results — U. Now substitute either K+1,. 

or —(K+1), K being the greatest co-efl5cient of the equation;. 

as m is an even number, the first term af will remain positive ; 

besides, by these substitutions, it becomes greater than the sum of 

all the others ; therefore the results obtained by these substitutions 

are both positive^ or affected with a sign contrary to that given by 

the hypothesis xr=0 ; hence the equation has at least two real roots^, 
22* 
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one comprehended between and K+1, or positwCy and the other 
between and —(K+1), or negative. 

Third. 

321. If an equation^ involving only real co^ffideniSj contains 
imaginary roots, the number of these roots must be even. 

For, conceive that the first member has been divided by all the 
simple factors corresponding to the real roots ; the co-efficients of the 
qaotient will be real (278) ; and the equation must also he of an even 
degree ; for if it was uneven, by placing it equal to zero, we should 
obtain an equation that would contain at least one real root, which, 
from the nature of the equation, it cannot have. 

Rdxabk. 322, There is a property of the above polynomial quo- 
tient which belongs exclusively to equations containing only imagi- 
nary roots ; viz. every such equation always remains posiiive for any 
real value substituted for x. 

For, if it could become negative, since we could also obtain a posi. 
tive result, by substituting K+1 or the greatest negative co-efficient 
plus unity for «, it would follow that this polynomial placed equal 
to zero, would have at least one real root comprehended between 
K+1 and the number which would give a negative result. 

It also follows, that the last term of this polynomial must be posi^ 
tive, otherwise a?=0 would give a negative result. 

Fourth. 

323. When the last term of an equation is positive, the number of 
its real positive roots is even ; and when it is negative this number is 
uneven. 

For, first suppose that the last term is +U, or positive, Sinee 
by making a;=0, there will result +U, and by making a7=K-f-l, 
the result will also be positive, it follows that and K+1 give two 
results affected with the same sign, and consequently (311), the 
number of real roots, (if any), comprehended between them, is even. 
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When the last term is — U, then and K+1 give two results 
affected with contrary signs, and consequently comprehend either a 
single real root, or an odd number of them. 

The reciprocal of this proposition is evident. 

Descartes^ Rule. 

324. An equation of any degree whatever cannot have a greater 
number of positive roots than there are variations in the signs of Us 
terms, nor a greater number of negative roots than there are perma- 
nences of these signs. 

In the equation a?— a=0, there is one variation, that is a change 
of sign in passing along the terms, and one positive root, x=a. And 
in the equation x+b=0, there is one permanence, and one negative 
root, at=— J. 

If these equations be multiplied together, there will result an equa- 
tion of the second degree, 

rc^— .a I x-^ab \ 
+b\ [ 

if a is less than b, the equation will be of the first form (Art. 144) ; 
and if a>^ the equation will be of the second form: that is 

a<J gives 3i^+px—q=0 and 
fl>^ a^—px^q=0 

In either case, there is one variation, and one permanence, and 
since in either form, one root is positive and one negative, it follows 
that there are as many positive roots as there are variations, and 
as many negative roots as there are permanences. 

The proposition would evidently be demonstrated in a general 
manner, if it were shown that the multiplication of the first member 
by a factor a;— a,corresponding to a positive root, would mtroduce at 
least one variation, and that the multiplication by a factor x+a^ 
would introduce at least one permanence. 
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Let there be the equation 

xr±:AiKr'^dtBsf^±Csr'^± . . . dzT«±U=0, 

in which the signs succeed each other in any manner whatever ; by 
multiplying it by «— a, we have 

af^±A j «-±B I a-^»±C I af^ . . . =fcU \x 

-a I zpAa I ipBa \ zpTa | zpVa 

The co-efficients which form the first horizontal line of this pro- 
duct, are those of the proposed equation, taken with the same sign ; 
and the co-efficients of the second line are formed from those of the 
first, multiplied by a, taken with contrary signs, and advanced one 
rank towards the right. 

Now, so long as each co-efficient of the upper line is greater than 
the corresponding one in the lower, it will determine the sign of the 
total co-efficient ; hence, in this case there will be, from the first 
term to that preceding the last, inclusively, the same variations and 
the same permanences as in the proposed equation ; but the last 
term qpUa having a sign contrary to that which immediately pre- 
cedes it, there must be one or more variations than in the proposed 
equation. 

When a co-efficient in the lower line is affected with a sign con- 
trary to the one oorresponding to it in the upper, and is also greater 
than this last, there is a change from a permanence of sign to a 
variation ; for the sign of the term in which this happens, being the 
same as that of the inferior co-efficient, must be contrary to that of 
the preceding term, which has been supposed to be the same as that 
of its superior co-efficient. Hence, each time we descend from the 
upper to the lower line, in order to determine the sign, there is a 
variation which is not found in the proposed equation ; and if^ afler 
passing into the lower line, we continue m it throughout, we shall find 
for the remaining terms the same variations and the same perma-i 
nences as in the proposed equation, since the co-efficients of this line 
are all affected with signs contrary to those of the primitive co-efli.. 
cients. This supposition would therefore give us one variation for 
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each positive root. But if we ascend from the lower to the upper 
line, there may he either a variation or a permanence. But even 
hy supposing that this passage produces permanences m all cases, 
since the last term qpUa forms a part of the lower line, it will be 
necessary to go once more from the upper line to the lower, than 
from the lower to the upper. Hence the new equation must have at 
least one more variation than the proposed ; and it will be the same 
for each positive root introduced into it. 

It may be demonstrated, in an analogous manner, that the multi- 
plication by a factor x+a, corresponduig to a negative root, would 
introduce one permanence more. Hence, in any equation the num. 
her of positive roots cannot be greater than the number of vabia- 
noNs of sign, nor the number of negative roots greater than the 
number of pesmanencbs. 

325. Consequence. When the roots of an equation are all real, 
ihe number of positive roots is equal to the number of variations^ and 
the number of negative roots is equal to the number of permanences. 

For, let m denote the degree of the equation, n the number of 
variations of the signs, p the number of permanences ; we shall have 
ni,^n+p. Moreover, let n' denote the number of positive roots, 
and p' the number of negative roots, we shall have m=n'+p' ; 
whence 

n+p=tt'+p' 

or, n^n'^pf-^p. 

Now, we have just seen that n' cannot be >n, and p' cannot be >|) , 
therefore we must have n'=:zn, and p'=p* 

Rbxark. 326. When an equation wants some of its terms, we 
can often discover the presence of imaginary roots, by means of the 
above rule. 

For example, take the equation 

p and q being essentially positive ; introducing the term which is 
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wantingy by affecting it with the oo-efficient =hO, it becomes 

By considering only the superior signs we should only obtain per- 
manencesy whereas the inferior sign would give two variations. 
This proves that the equation has some imaginary roots ; for if they 
were all three real, it would be necessary by virtue of the superior 
sign, that they should be all negative, and, by virtue of the inferior 
sign, that two of them should be positive and one negative, which 
are contradictory results. 

We can conclude nothing from an equation of the form 

for introducing the term iO.*", it becomes 

x'zfcO * a^—px+q=:Qf 

which contains one permanence and two variations, whether we take 
the superior or inferior sign. Therefore this equation may have its 
three roots veal, viz. two positive and one negative ; or, two of its 
roots may be imaginary and one negative, since its last term is po. 
sitive (Art. 301). 

Of the Commensurable Roots of Numerical 
Equations. 

827 • Every equation in which the co-efficients are whole num. 
bers, that of the first term being unity, can only have whole num. 
bers for its commensurable roots. 

For, let there be the equation 

af»+Par^*+Qaf»-*+ . . . +Taj+U=0 ; 

in which P, Q . . . T, U, are whole numbers, and suppose that it 

a 

could have a commensurable fraction -j- for a root. Substituting 

this fraction for a?, the equation becomes 

^+^'^;rT+Q'j;;T+ • • • +Ty+U=0; 
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whence, multiplying the whole equation by 3""*, and transposing, 

or 

o 

but the second member of this equation is composed of a series of 
entire numbers, whilst the first is essentially fractional, for a and l> 
being prime with each other, a"* and h will also be prime with eiach 
Other (Art. 118), hence this equality cannot exist ; for, an irreduci- 
ble fraction cannot be equal to a whole number. 

Therefore it is impossible for any commensurable fraction to sa- 
tisfy the equation. Now it has been shown (Art. 299), that an 
equation containing rational, but fractional co-efficients, can be 
transformed into another in which the co-efficients are whole num- 
bers, that of the first term being unity. Hence the research of the 
commensurable roots, entire or fractional, can always he reduced to 
thai of the entire roots. 

328. This being the case, take the general equation 

a-«+Par-i+Qar-a+ . . . -fRa?-fSaj»+Ta?+U=0, 

and let a denote any entire number, positive or negative, which will 
verify it. 

Since a is a root, we shall have the equation 

a"»+Pa'»-*+ . . . +Ra3+Sa»-fTa+lJ=0 ... (1); 

replacing a by all the entire positives and negative numbers between 
1 and the limit +L, and between —1 and — L', those which verify 
the above equality will be the roots of the equation. But these 
trials being long and troublesome, we will deduce from equation (1), 
other conditions equivalent to this, and easier verified. 

Transposing all the terms except the last, and dividing by a, the 
equation (1) becomes 

U 



a 



.=:_a'^»-P«-^« Ra«-Sa-T. . . (2) ; 



now, the second member of this equation is an entire number, hence 
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U 

— must be an entire number ; therefore ike entire roots of the equa* 

Hon are comprised among the divisors of the last term. 

Transposing —T in the equation (2) and dividing by a, and ma- 
il 
king — +T=T'; it becomes 

— = -a"^-Pa*-« • . . — Ra-S . . . (8) ; 

T 

the second member of this equation being an entire number, — 

U 

or, the quotient of the division of f-T by a, is an entire number. 

Transposing the term — S and dividing by a^ it becomes, by sup. 

T' 
posing hS=S', 

S' 

— =-a"^'»-Pa"^- . • . -R . . . (4), 

S' 

the second member of this equation being an entire number, — 

T' 
or, ^e quotient of the division of — (-S by sl, is an entire nutnher. 

By continuing to transpose the terms of the second member into 

the first, we shall, after m— 1 transformations, obtain an equation of 

Q' 

the form — =~a— P, 

a 

Then, transposing the term — P, dividing by a, and making 

Q' p; . p, 

—+P=P', we shall find —=—1, or hl=0. 

a a a 

This equation, which is only a transformation of the equation (1), 
is the last condition which it is requisite and necessary that the en* 
tire number a should satisfy, in order that it may be known to be a 
'root. 

From the preceding conditions we may conclude that, in order 
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that an eotire number a, positive or negative, may be a root of the 
proposed equation, it is necessary 

That ike quoHent rf the last term, divided by a, should be an en- 
tire number ; 

Adding to this quotient the co-efficient of a^, taken with its sign, 
Ihe quotient of this sum divided by a, must be entire ; 

Addhag the co-efficient of a^ to thb quotient, the quotient of this 
new sum by a, must be entire; and so on. 

Finally, adding the co-efficient of the sec<^d term, or of af^\ to 
the preceding quotient, the quotient of this. sum divided by a^ must be 
entire and equal to — 1 ; or, the result of ihe addition of unity , or the 
co-efficient of x% to ihe preceding quotient^ must be equal to 0, 

Every number which will satisfy these conditions will be a root, 
and those which do not satisfy them should be rejected. 

All the entire roots may be determined at the same time, as fol- 
lows. 

After having determined aU ihe divisors of ihe last tertfty write 
those which are comprehended between ihe limits +L and — L' upon 
the same horizontal line ; then underneath these divisors write the quo- 
tients of the last term by each of them. 

Add the co^efficient of x^ to each of these quoHents, and write the 
sums underneath Ihe quotients which correspond to them ; then divide 
these sums by each of ihe dwisorsy and write ihe quotients underneath 
the corresponding sums ; taking care to reject the fractional quo- 
tients and the divisors which produce them ; and so on. 

When there are terms wanting in the proposed equation, their 
co.efficient8, which are to be regarded as equal to 0, must be taken 
into consideration. 

BXAMPLE. 

The superior limit of the positive roots of this equation is Id-f 1 
or 14 (Art. 315). The co-efficient 48 is not considered, since the 
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two last terma can be put under the form 16(ap— 3) ; hence when 
a;>3 thia part is essentially positive. 

The superior limit of the negative roots is —(1+ v48), or — 8 
(Art. 317). 

Therefore, the divisors are 1, 2, 8, 4, 6, 8, 12 ; moreover, neither 
+1, nor —1, will satisfy the equation, because the co-efficient — 48 
is itself greater than the sum of all the others ; we should therefore 
try only the positive divisors from 2 to 12, and the negative divisors 
fifom —2 to —6 inclusively. 

By observing the rule given above, we have 

4, 3, 2, — 2, — 3, — 4, — 6 
-12, -16, -24, +24, +16, +12, + 8 



12, 8, 


6, 


-4,-6, 


-8, 


+12, +10, 


+8, 


+ 1, .., 




-12, .., 




- 1, ... 




- 2, .., 









+ 4, 0, - 8, +40, 
+ 1, 0,-4, -20, 
-12,-13, -17, —33, 

— O, •■, ••, 

*» ••> ••» 

— 1, .*, ••, 



+32, +28, +24 

.., -7,-4 

.., -20, —17 

.., + 5, 

.., + 4, 

••, — 1, •• 



The^r^ line contains the divisors, the second contains the quo. 
tients of the division of the last term —48, by each of the divisors. 
The third line contains these quotients augmented by the co.efficient 
+16, and the fourth the quotients of these sums by each of the di. 
visors ; this second condition excludes the divisors +8, +6, and — 3. 

The ffth is the preceding line of quotients, augmented by the co- 
efficient —13, and the sixUi is the quotients of these sums by each 
of the divisors ; this third condition excludes the divisors 3, 2, — 2 
and — 6» 

Finally, the seventh is the third line of quotients, augmented by 
the co-efficient —1, and the eighth is the quotients of these sums by 
each of the divisors. The divisors +4 and —4 are the only ones 
which give —1 ; hence +4 and —4 are the only entire roots of 
the equation. 

In fact, if we divide a?*— a;^— 13«*+16a?— 48, by the product 
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(«— 4) (aJ+4), or «*--16, the quotient will be «*— a:+8, which 
placed equal to zero, gives 

therefore, the four roots are 
4, -4, 

EXAMPLES. 

Ist. a?*— 5ar*+25a?— 21=0. 

2d. 16aj»-.19«*+6aj5+15«'-19a?+6=p0. 

8d. 9aj«+30ir*+22a?*+10ar5+17aj»-20a?+4=0. 

Of Real and Incommensurable Roots. 

829. When an equation has been freed from all the divisors of 
the first degree which correspond to its commensurable roots, the 
resulting equation contains the incommensurable roots of the pro. 
posed equation, either real or imaginary. 

The true form of the real incommensurable roots of an equation 
will remain unknown, so long as there is not a general method for 
resolving equations of the higher degrees. Although this problem 
has not been resolved, yet there are methods for approximating as 
near as we please to the numerical values of these roots. 

We shall here consider only the case in which the difference be- 
tween any two roots of the proposed equation is greater than unity, 
omitting as too difficult for an elementary treatise, the cases in which 
this difference is less than unity. 

We will also suppose, in what follows, that we have obtained the 
narrowest limits +L and — L', by Newton's method (Art. 316). 

330. Each of the incommensurable roots being necessarily com- 
posed of an entire part and a part less than uni^f, we shall first deter- 
mine the entire part of each root. 



Digitized by 



Google 



3dO 



iU^CnBHA. 



For this purpose, it is necessaxy to substkute, in the £quatioD» lot 
Xf the series of natural numbers 0, 1, 2, 3 • . • and —1, —2, — 3 . . •, 
comprised between +L and — L'. Since there must be a real root 
between two numbers, which, by their substitution produce results 
affected with different signs (Art. 310), it follows that each pair qf 
consecutive numbers giving results ejected with contrary signs^ mH 
comprehend a real root, and but one^ since by hypothesis the difference 
between any two of the roots is greater than unity. The entire 
part of the root will be the smallest of the two numbers substituted* 

There are two cases which may occur ; viz. by these different 
substitutions there may be as many changes of sign as there are 
units in the degree of the equation ; in which caae we may con- 
clude that aU the roots are real. Or^ the number of changes of the 
sign will be less than the degree of the equation, and, in this caae^ 
it will have as many real roots as there are changes of sign ; the 
other roots will be imaginary. In both cases, this method makes 
known Uie entire part of eadi of the real roots. 

It now remains to determine ihe part which is iese than ii?i%. 



Newtonfs Method of Approximation. 

831. In order that this nnethod naay be more easily con^rehend. 
ed, we flhaU take the equation 

a*-6a?-3=0 . . . (1). 

The superior limits of the positive and negative roots being +3 
and —2, we make 

«=-2, -1,0,1, 2,3; 

whence «=— 2 the result is —1, 

«=-! ... +1, 



«= . 


. . -8, 


«« 1 . . 


. . -7, 


am t . . 


. . -«, 


x= 3 . . 


, , +9. 
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As there are three changes of sign, it follows that the three roots 
of the equation are real ; viz. one positive contained between 2 and 
3, two negative^ one of which is contained between and — 1, the 
other between —1 and —2. 

We shall first consider the positive value between 2 and 3. 

The required root being between 2 and 3, we will try to contract 
these limits, by taking the mean 2^, or 2,5, and substituting it in 
the equation a'— 5a?— -3=0 ; the result of which is +0,125. Now 
2 has already given —5 for a result, therefore the root is between 
2 and 2,5. 

We will now consider another number, betwe^ 2 and 2,5 ; but 
as, from the results given from 2 and 2,5, it is to be presumed that 
the root is. nearer 2,5 than 2, suppose d;=2,4 ; we shall obtain 
—1,176; whereas 2,5 has given +0,125. Therefore the root is 
between 2,4 and 2,5« 

By continuing to take the means, we should be able to contract 
the two IknitB oi the roots Hiore and more. But when we faaire 
once obtained, as in the above case, the value of x to at least 0,1, 
we may approximate nearer in another way, and it is in this that 
Newton's method principally consists. 

In the equation a;?— 5x-— 3=0, make x=2,4+t(. 

There will result (Art. 296), the transformation 

in wluch X' =(2,4)^-5(2,4) -3= -1,176, 

Y' =3(2,4)^-5=12,28, 

y=3(2,4)=7,2. 

The equation involving «, being of the third degree, cannot be 
resolved directly, but by transposing all the terms except Y'u, and 
dividing both members by Y', it can be put under the form 

X' Z' 1 

'27Y^~Y^ 
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This being the case, since one of the three roots of this equation 
must be less than — , from the relation ff=2,4+ii» the correspond- 

Ing values of ii" and u' are less than and . Moreover, 

lUO 1000 

the inspection of the numerical values of Y' and Z'y proves that 

Z' 

y, is <1 ; therefore the value of u only differing numerically 

X' Z' 1 

from — =; by the quantity y' ^'^Y*^* (which most frequently 

1 \ X' 

is less than 1, is expressed by —=7 to within ,01. 



Asy in this example, 

X' +1,176 1176 



= 0,09 . • ., 



Y' 12,28 12280 
there will result tt=0,09, to within -jtjjtj and consequently 

a?=2,4+0,09=2,49, to within rr^. 

In fact, 2,49 substituted in tne first member of the proposed equa* 

tion, gives — 0,0 1 1751 ; 

whilst 2,6 gives +0,125. 

To obtain a new approximation, make d;=2,49+i{' in tbe pro- 
posed equation, and we have 

Z" 

X"+Y'V+— tf^'+tt^srO ; 

in which X"=: (2,49)'-5(2,49)- 3= -0,011751, 
Y"=3(2^9)*-5= 13,6008, 

|^=3(2,49)=7,47. 
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But the equation involTing u' may be written thus : 

X" Z" ,, 1 ^ 

••""■"Y'' 2 Y' Y" * 

And since one of the values of u' must be less Uian-Yjjp-. the 

corresponding values of ti'«, u'», are less than :^^^, looOOOO ' 

X" 1 

hence — ^7, will represent the value of u' to within | qqqq • 



Since we have 

X^^ 0,011751 11751 
"■F'— 13,6003"" 13600300 



=0,0008 . . •» 



it follows that a'= 0,0008, to within , and consequentlj 

a;=2,49+0,0008=:2,4908, to within— r^xr* 

lOOUO 

Again, by supposing «= 2,4908 +«", we could obtain a value of 
1 



« to within 



100000000 



Each operation commonly gives the root to twice as many places 
of decimals as the previous operation. 

332. Grenerally, let p and p+ 1 be two numbers between which 
one of the roots of the equation X=0 is comprised. 

Firti determine the value of this root to within — , by substituting 

a series of numbers comprised between p and p+h until two 
numbers are obtained which do not differ from each other by more 

23 
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Then, calling af the value of x obtained to mUun ~ suppose 

x^9f+u in the equation Xz=zQ ; 
which gives 

Z' 

X'+Y'a+ g-u" . . . +tt«=0; 

which eon be put under thefomi 

X' Z' 1 

«• — Y' 2 Y * * * Y * 

X', Y' Z' . . • being easily calculated. (Art. 330). 

X' 
Since the torn of the terms, which follow — = in the second mem ■ 

ber of llu» equation is, comm(mly, less than -r^, they can be 

X' 1 

neglected, and calculating —=7 to within -— -, we add the result to 

aff which gives a new value «" approximating to wiikm — rp- of the 

exact value. 

To obtam a 3d approximation, we suppose x=xf'+u' in tiie pro^ 
poted equation^ which givee 

X"+YV+ya'«+ . . .tt'^'^O ; 

X" Z" 1 

whence «'= _- _^^^._ _y- 

Z" 1 

Neglecting the terms -^Tj^'*- • • . - yry* which are suppo- 

X" 
sed to be less than 0,0001, we calculate the value of —=7,, continuing 
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the operation to the place of decimals, and add the result to 

x" ; this gives a third approximation a:"', exact to within » 

Repeat this series of operations for each of the positive roots. 
As for the negative roots, they are found in the same way as the 
positive roots, by changing x into — « in the proposed equation, 
which then becomes, 

— a;3^.5-j,_3--o, or a^*— 5»+3=0 

in which the positive roots taken with a negative sign, are the nega- 
tive roots of the proposed equation. These roots are 

«=— 1,8342 and jc = -0,6566 

to within 0,0001. 



23» 
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NOTE 

On Division of Polynomials, 

Let it be required to divide 51a*6*+10<i*--48a5ft— 15A*+4ai» 
by 4a6— 6a*+3i*. In order that we may foUow the ateps of the 
operation more easily, we will arrange the quantities thus. 

Dividend. Difnsor. 

10(»*~48a>6+51a»^+4ay— 15M| -5a«+4o6+36» 

,|,10fl4_ gfl35_ 60^^ ' — 2a«+8aft-56« 

^40fl»d+57a«6«+4a63-15i64 Quotient. 

--40a?6+32a»&«+24ay 

26aS6a-20a^-15M 
25g«5«— 20gy~15ft*. 

The object of this operation is, as we have already said (Art. 54), 
to find a third polynomial, which, multiplied by the second, shall 
produce the first. 

It foUows from the definition and the rule for the multiplication 
of polynomials (Art. 43), that the dividend is the assemblage, after 
addition and reduction, of the partial products of each term of the 
divisor, multiplied by each term of the quotient sought. Hence, if 
we could discover a term in the dividend which was derived, with- 
out reduction, from the multiplication of one of the terms of the 
divisor, by a term of the quotient, then, by dividing the term of the 
dividend by that of the divisor, we should obtain, a term of the re- 
quired quotient. 

Now, from the third remark of Art. 45, the term 10^, affected 
with the highest exponent of the letter a, is derived, without reduc- 
tion from the two terms of the divisor and quotient, affected with 
the highest exponent of the same letter. Hence, by dividing the 
term lOo* by the term —50*, we shall have a term of the required 
quotient. But here another difiiculty presents itself, viz. to deter- 
mine the sign with which the term of the quotient should be af- 
fected. But this has been fully explained in Art. 54. 
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Since, in the proposed example, 10(3{* and —do' are affected with 
oontrary signs, their quotient will have the sign —; moreover, lOo*, 
divided by 5a% gives 2a? ; hence, — 2a^ is a term of the required 
quotient. After having written it under the divisor, multiply each 
term of the divisor by it, and subtract the product, 

from the dividend, which is done by writing it below the dividend, 
conceiving the signs to be changed, and performing the reduction. 
Thus, the result of the first partial operation is 

— 40a»6+57a«ft«+4aft>— 15ft*. 

This result is composed of the partial products of each term of 
the divisor, by all the terms of the quotient which remain to be 
determined. We may then consider it as a new dividend, and 
reason upon it as upon the proposed dividend. We will therefore 
take in this result, the term —400^6, affected with the highest ex- 
ponent of a, and divide it by the term —5a' of the divisor. Now, 
from the preceding principles, —400*6, divided by —5a? gives 
+ Sab for a new term of the quotient, which is written on the right 
of the first. Multiplying each term of the divisor by this term, and 
writing the products underneath the second dividend, and making 
the subtraction, the result of the second operation is 

25a«d«-20a6»-15M; 

then dividing 256^6* by —56^, we have — 5d^ for the third term of 
the quotient. Multipl3ring the divisor by this term, and writing the 
terms of the product under the third dividend, and reducing, we ob- 
tain for the result. Hence, — 2a?+8a6— 56^, or 8a6— 2^^—56' 
is the required quotient, which may be verified by multiplying the 
divisor by it ; the product should be equal to the dividend. 

By reflecting upon the preceding reasoning, it will be perceived, 
that, in each partial operation, we divide that term of the dividend 
which is affected with the highest exponent of one of the letters, 
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hy that tenn of the divisor affected with the highest exponent of the 
same letter. Now, we avoid the troi;d)le of looking out the tenn, 
by taking care, in the first place, to write the terms of the dividend 
and divisor in siu:h a manner that the exponents of the same Utter shdi 
go on diminishing from left to right. This is what is called a/rrat^- 
ing the dividend and divisor with reference to a certain letter. By 
this preparation, the first term on the left of the dividend, and the 
first on the left of the divisor, are always the two which must be 
dividec' by each other in order to obtain a term of the quotient; and 
it is the same in all similar operations ; because the partial qao- 
tients, and the products of the divisor by these quotients are al- 
ways arranged. 



THE END. 
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